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NONCONSTANT VARIANCE REGRESSION ANALYSIS PROGRAM
by Marshall Strong Hellmann

ABSTRACT

This program computes the estimates of various
statistics wusing an iterative estimating technique
described in the pamphlet “Non-Constant Variance
Regression Analysis®™ by Hellmann, (1967). The
estimates of the regression coefficients obtained by
this iterative technigque are wusually the maximum
likelihood estimates of the coefficients. The
program is capable of performing a wide variety of
regression techniques with a minimal amount of user
involvement in the programming requirements. The
progran has several options, which allow the user a
great deal of flexibility in preparing and pro-
cessing the input data. Provision is made for the
user to provide titles for the vaiiables and names
for the observations. The results are printed in
detail and described in this paper. Confidence
intervals are presented along with a histogram of
the results and a scatter diagram relating the
obgerved and estimated values of the dependent
variable, The coefficients are tested to insure

that the solution is a relative maximum,
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INTRODUCTION

This regression analysis program was prepared to
implement the regression technique described by Hellmann
(1967) . The technique differs from classical regression
analysis techniques in that the basic assumptions are less
restrictive, and the model is therefore more general and
applicable to a larger class of problems.

The classical regression analysis models usually require
that the standard deviations of the dependent variable are
congstant for all values of the independent variables. Some
models allow for variations in the standard deviations of
the dependent variable by introducing known weight factors
to account for the variation. The regression model defined
herein differs from the classical models in that it does not
require that the standard deviations of the dependent
variable be constant or that weighting factors be known.
Rather it is assumed that the standard deviations of the
dependent variable are proportional to a function of the
expected value of the dependent variable,

Techniques for estimating the unknown variables for some
specific cases of the above described regression model have
been presented by Theil (1951), Prais (1953), Prais and
Aitchison (1954), Pisher (1957), and Rao (1952), The

technique presented in this model uses an iterative



procedure to estimate the unknown variables, which in
general produces results with a smaller unexplained
variation than the techniques presented by the above
authors. In fact, it can be shown that the estimates
obtained by this method are a relative maximum of the
likelihood function of the coefficients if the iterative
procedure converges and the matrix of second order partial
derivatives of the likelihood function is negative definite.

In this model the user can specify the exact form of the
weighting function, which is assumed to be proportional to
the standard deviations of the dependent variables, or he
can specify the weighting function parametrically in terms
of an additional unknown parameter.

Let the dependent variables be denoted by Yj and the in-
dependent variables by xij for i=1,2,...m and j=1,2,...n.
The model assumes that the expected value of the variable
Yj, denoted by E(Yi), is a 1linear combination of the

independent variables xij as follows,
m
E(yj)=izjaixij for j§=1,2,...n, (1)

where Aq,Ay,...A  are a set of real numbers to be determined.

The xij are assumed to be known mathematical variables,
which are not subject to random variation. If the user
wishes to apply this model to the case yhere the xi. are

J
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random variables, then the expected values of the variables
xij, E(xij)’ should be used instead of the observed values
of the xij‘ The estimating equation would then assume the

form

m
E(Yj)’i£1AiE(xij) for j=1,2'.oono (2)
Alternate forms of the equation (1) will result if
functions of either the original independent or the
dependent variables or both are used. For example if

m
E(Y;)= Y A logW, . for j=1,2,...n, (3)

i=1 J

where the wij denote a set of known independent variables,
then equation (3) is the same as equation (1) if we make the
substitution xij=1°gwij°

In general the variables xij represent functions of
known mathematical variables and the variable Yj represents
a function whose values are normally distributed with
expected value given by equation (1) and whose standard
deviation is proportional to some function, Fa[E(Yj)]' which
is given parametrically in terms of a variance parameter «
for each j.

Since the form of the weighting function is not fixed,

the user must first decide what specific function to use and
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then provide three FORTRAN functions, which will compute the
values of the weighting function and the first and second
order derivatives of the weighting function with respect to
the coefficients A1'A2""Am' respectively. A description
of four selected functions is given in Attachment 1 (p. 55).

The user also has the options of determining the
accuracy of the model, the size of the critical regions for
confidence intervals, initial estimates of the coefficients,
Ai for i=1,2,...m, and initial estimates for the variance
parameter a.

The model uses the technique described by the author
(1967) to derive the estimates of the coefficients Ai, the
parameter a, the standard deviation g, of the dependent
variables, as well as other statistics. Confidence
intervals are computed for both the observed and expected
values of the dependent variables for each of the
observations in the sample, as well as for the reqgression
coefficients, Ai for i=1,2,...m, using approximate tech-
niques.

Output from this proaram includes a listing of the input
data, intermediate matrices used in computations, detailed
results for each observation, confidence limits, a histogram
of the dependent variables divided by their standard

deviations, a scatter diagram relating the observed and



estimated values of the derendent variable, and an

evaluation of the regression coefficients.

TECHNICAL DESCRIPTION

Let Yj denote an observed value of a random variable Y

with expected value given by

m
E(Yj)=i£1AiXij, (%)
where (x%j,xzj,...xmj) is a set of observed values of m non-
random independent variables for j=1,2,¢cen, corresponding
to n statistically independent trials of a set of exper-
jments. This model is based on the agsumption that the
standard deviation of the random variable Y is itself
variable and is equal to the product of 2 constant O, and
some known positive function of E(Y)), denoted by F [E(YJ].
The function must have continuous bounded derivatives with
respect to the variables A; for ij=1,2,...m. This model is
then generalized to include the case where the function F
is given in terms of a real valued parameter ¢, called the
"yariance parameter."” Let the variable Rj be defined as

follows:



Y.-E(Y.)
R&EFTETOT (5)
a'l™g

It follows that the variable Rj is normally distributed with
standard deviation Ty and expected value zero for all j.

The maximum likelihood estimates for the unknown
coefficients AgsAgpecchy and o, are a set of numbers which

satisfy the following set of equations simultaneously:

m
Y.- ) A.X,
3j i=1 i7ij m
. 71X 5Fa Z Ai%iy)
=g 2 Ax, ) i=
a'i24 1715
m
+rym ) 8 iJ)Ft( 2 A;X; 5)1=0 (6)
X

for k=1,2,...m, where FQ is the partial derivative of F

a
with respect to A, and

m
n Yj-i=1Aixij 1
.21— — + (—y) =0. (7)
i= a o
F( 21 i 1J) a

The estimates of the coefficients Ai for i=1,2,...m and for
9y shall be designated by Ai for i=1,2,...m and o

respectively.



Computational Procedure for Estimating Coefficients

The solutions to the equations (6) and (7) are computed
by the iterative technique described by Hellmann (1967) for
each value of a specified by the user, The equations (6)‘j
can be transformed into a set of linear equations in the 
variables A; by replacing the Ay by their previou§ estiﬁated
valueQ in all terms except the numerator of the leadingi'
fraction, The estimate of o  for each set of estimates of
the coefficients is computed by replacing the Ai in equation
(7) by this set of estimates of the Aj. Initial estimates
of the coefficients A; can be provided by the user or by the
program, The program will use the usual least squares
estimates as the initial estimates in the iterative
estimating technique. The iterative technique generates a
sequence of estimates (ﬁit) for each of the coefficients for
i=1,2,...m, where t is the iterative index. It assumes the
values 1,2,...T, where T is determined as described below.
If each of these sequences converge to a limit point denoted
by ﬁi, then this set of points is assumed to be a relative
maximum of the likelihood function of the coefficients. 1In
practice it is impossible to determine these 1limit points
exactly unless the sequences of estimates converge in a
finite number of iterationms. Therefore the user must
specify the maximum number of iterations to be permitted on

the first input control card. If the user specifies the




maximum number of iterations to be zero, then the proaran
uses the initial estimates o0f the coefficients as the
desired solution. This option 1is wuseful for evaluating
proposed solutions.

The convergence tolerance € for the sequences of
estimates must also be specified on the first input control
card. This number is used to determine the limit points of
these  sequences. Let Sit=max(|ﬁit],lai(t_1)I,1) for
i=1,2,...m and for t=1,2,...T, where T denotes the actual
number of iterations. Let T denote the first value of t

~

such that |A A -eS, <0 for i=1l,2,...m. Then ﬁi is

i(t-1)" it it t

chosen as the estimate of the limit point of the sequence
(ﬁit) and is denoted by ﬁi for i=1,2,...m respectively.
Since the computer double precision word length in the IBM
360/65 1is equivalent to approximately 16 decimal digits, the
convergence tolerance should be no smaller than 10-1q.
Because in some data sets significant digits may be lost due
tp the computational procedures, some checks are made to
determine if such a loss has occurred and messages are
printed to this effect. Also, if the iterative technique
fails to converge within the specified tolerance, within the

maximum number of iterations, then a message is written to

this effect.



Estimation of the Variance Parameter a

The estimate of a is chosen in such a manner as to max-
imize the estimated joint frequency function of the
variables Yj by using the estimates of the coefficients
A1,A2,...Am and o, as computed above, For notational

convenience set

A.X.. for j=1,2'-..n. (8)

Y= b R

J g

N~

1

The estimated joint frequency function is given by

.. n Y.-¥Y. 2
F(Yj'xij'Ai'ca'a)=.H - A1 _exp-}(:—i——%—% (9)
J=1ana(Yj)/7F UGFG(Yj)

for all values of «a.

Let oy denote the first given value of o specified by

the user for which the previously described iterative

technigque produces a set of estimates for the coefficients
and form the ratic

F(Y.,X. .,z'{i,G

Am— 37743
F(Yj’xij’xi'aa'a)

o.)
at’ v, (10)

where @ is arbitrary.

Since

o ™ Y-V
nca= z [-—1—;—11

j=1 Fa(Yj)

for all o, (1)

-10-



it follows that

~

: GaFa(Y‘)
F

]. : (12)

~

b

1]
h=as
<> Rk

(

a .
=1 9ay Ty Yy

This ratio, denoted by A, 1is called the estimated joint
frequency function ratio of the estimated joint frequency
functions given by equation (9). That value of @ which
minimizes A maximizes the estimated joint frequency function
given by equation (9). The variable X is computed in turn
for each value of a for which the iterative technique
procduces a solution., If there are at least three computed
values of the estimated joint frequency function ratios ],
then the program fits a second degree polynomial to loai to
determine that estimate of a which minimizes )., This
estimate & is then used to perform an additional regression
analysis as performed with AgrCyy and so forth. Whether

there are three or more computed values of A or not, that
value of a which vyields the smallest value of A is then
chosen as the desired estimate of the variance parameter a
and the estimates of the coefficients corresvonding to that
value of a are chosen as the estimates of the maximum

likelihood éstimates of the coefficients.



Coefficient Equations and Solutions

In order to determine if the solutions derived by the
above technique are in fact solutions of the equations (6),
denote the equations (6) symbolically in matrix form as

(D, ;) (A )=(C (13)

k)'

where (Dki) is the mxm matrix of coefficients of the Ai:
(Ai) is the vector of unknown coefficients;
(Ck) is the vector of constant terms.

The elements of the matrix (Dki) are given by

n

Dyi= 1 X [xk] a

(Yj)+(Y Yj)F (Qj)l/r (Y ) , (14)
j=1 %

where Ft(fj) is the derivative of FOl with respect to Ak
evaluated at fj for k=1,2,...m and i=1,2,...m. The elements

of the vector (Ck) are given by
=) [v.x P (0420 @) 1/F (82 (15)
Kk 3Tk T Fa (Y 1 (Y

for k=1,2,...m.
The matrix egquation (13) can be solved by multiplying

both sides of the equation by the inverse of (Dki). Thus,

-12-



-1,
(Ai)=(Dki)(Ck). (16)

The program performs this operation sequentially by applying
Gaussian elimination to (Dy;) and applying the same
transformation to the vector (C,) until the matrix (Dy;) has
been transformed into the identity matrix. This technique
usually preserves more accuracy in the results than by
multiplying (Ck) by a computed inverse.

If the estimates of the coefficients are equal to the Ai
as computed from equation (16), then the coefficients are
indeed a solution of the equations (6). However, due to the
fixed length of the numbers in the computer and based on the
convergence tolerance specified by the user, these two sets
of values for the Ay will, in general, differ. The

difference is a measure of the computational accuracy.

Linear Relationships Between Variables

Although the independent variables are assumed to be
nonrandom variables, the program computes a correlation
matrix E for these variables, Whereas this matrix may
provide the user with additional insight into the nature of
the data, the correlations are not assumed to have any
statistical significance. Set

X.=

n
i Ex. (17)

1 13

B

3



and S. *[— z (X 1)2]% for i=1,2,...m. (18)
Ny=1

If si or Sk is equal to zero, then the elements Eik of (E)

are defined to be zero. Otherwise the elements Eik are

defined as follows,

n (X. x)(x X, )
E, =1y _1J S for i, k=1,2,...m. (19)
ik n. S S
i=1 ik
The matrix of elements E is called the "arithmetical

ik
correlation matrix."”

The program also computes the arithmetical 1linear
correlation between the values of the dependent variables

and the estimated values of the independent variable. Set

= B

he—3

Y. (20)
j=1 )

and S [l
n

@.-H 24t (21)
3 J

v

o~

1

If Si or Sy is equal to zero, then the linear correlation
between xi and the estimated values of Y is defined to be

zero, Otherwise the linear correlation is defined as

il for i=1,2,...m. (22)

-14-



CONFIDENCE INTERVALS

The program computes approximate confidence intervals
for the regression coefficients, for the expected values of
the variables Yj' and for the observed values of the
variables Yj. Since the variance of Y is a function of the
coefficients, the derivation of confidence intervals by
exact methods appears to be impossible. For large samples,
confidence intervals for the variable Yj are given
approximately by

§j‘+'TH-B)8F§(§j)’ (23)

where T(1-B) is the upper limit for +the integral of the

standardized normal distribution function f such that
T(1-8)
(1-‘}6)-{ £(T)dT for 0sB<1. (28)

If the sample size is small, then an approach similar to
that used in classical (constant variance) linear regression
is used. Approximate confidence intervals can be derived
based on the assumptions that (1) a=a and (2)
Fa(?j)=F3[E(§j)] for all j, where ?1 is computed by equation
(8). Since these assumptions are not in general valid for
éven large samples, the resulting confidence intervals may

be subject to a corresponding error. A regression analysis



model slightly different f{rom that presented herein must be
used, In order to distinguish between these two models we
shall denote the coefficients in the new model by

B4,B B Otherwise we shall use terminology similar to

2,.-. mo

that used in the derivation of the first model. The reader

must use care in keeping the terminology straight.
mA

Let Wy=Fg5( I A;X54). (25)
i=1

nm
Then (yj- )) Bixij)/wj is normally distributed with expected
i=1

value zero and standard deviation ¢ for all j. Let the mxm
matrix v be defined for i,k=1,2,...m, respectively, as

-1

n x..X, .
Wi=| I 2151 (26)
3=1 W

The maximum likelihood estimates for the regression co-
efficients, By for i=1,2,...m are given in matrix notation as
(By)=(Vyy) rfﬁ;l C@n
j=1 Wj
Taking the expected values of both sides of equation (27)
and simplifying we have
E(B;)=B; for i=1,2,...m. (28)
The variance-covariance matrix of the coefficients ﬁi for
i=1,2,...m for this model is given by (Vik)cz. It can be

shown that the ﬁi have an m-variate normal distribution.

The marginal distribution function for B; for i=1,2,...m is

-16-



given by

A X (B,-B,)?
£(B;)=(2m0 v..)‘%exp-% . (29)
i1 v 2
. .0
ii
The maximum likelihood estimate for o is given by,
m
: - LA ]
a=%2’[ — ] . (30)
3=1 ]

It can be shown in a manner exactly analagous to that of the
derivation of confidence intervals for the classical model
using Student's t distribution that the lengths of the (1-8)
confidence intervals of the B; are given by,

T (1-)0 (omVii) for i=1,2,...m, (31)
where T(q.g) 1is the upper 1limit of the integral of the
Student's t distribution function g with (n-m) degrees of

freedom such that

T(1-
(=)= B g(myar for o<s<. (32)

-—QO

The approximate confidence intervals for the A; are then
computed using the estimate of 0 computed in the first model
in equation (31). (The value of o computed in the first
model is in general larger than the value of & computed in
the second model by equation (30).) The confidence
intervals are centered on the 31 for i=1,2,...m.

We now turn our attention to deriving confidence

intervals for the expected value of an arbitrary but fixed



dependent variable Y, with associated independent variables
xio for i=1,2,...m, Since E(ﬁi)=Bi foE i=1,2,...m, it

follows that E(?O)nE(Yo). The variance of _0 is given by

%5
2 B.X, ~E(Y )7
i iO 0 m m X. . X
E - =) Jv, K02 (33)
0 i=1 k=1 1 Wy

Once again it can be shown that the 1length of the (1-8)
confidence interval for the E(Y,) can be derived using

Student's t distribution; it is given by

+
m m X,
i0"k0} ~
T(1- B)[n-m 21 k21vix-—7—-] oW, (34)

The approximate confidence interval for E(Yo) is computed
using the estimate of o© computed in the first model in

equation (34) with the interval centered on Z A X,

io® 0
i=1
The approximate confidence interval for the variable Yo
is computed using the second model. The variance of
mA
Yo~ £1leio
W is given by
0
m m m
Ly 2 2 ~ 2
¥o- 1 BiXyg ¥o~. L Bi¥X5p L (Bi-BX g
E i=1 E =1 i=1
W = W +E W
0 0 0
m m
Yo-i£1BiXio 121(3 -B )X; o
+2E W w . (35)
0 0

-18-



But since Y0 and §i are statistically independent, the last

term in equation (35) is equal to zero. Therefore

& 2
YO-.Z QixiO m m X. X
1 =+ ] ] v, 25K, (36)
0 i=1 k=1 We
m
Yo'iz1 1xi0
Also the E — -1=0.
Yo

Therefore we can once again use Student's t distribution to
compute the length of the (1-8) confidence interval for YO.
See Mood and Graybill (1963, p. 351=352) for derivation.

This is given by

2T (14 ? ? v, 107K0, | %oy (37)
(1-8)| n-m P21 k=1 ik WI 0°
0

(Equations 26.7.5 and 26.2.23 of Abramowitz and Stegun
(1964, p. 925-949) are used to compute T(1-B)') The

approximate confidence interval for Y_.  is computed using the

0
estimate of o computed in the first model in equation (37)

0 "0
Fisher (1925) contains a dissertation on some basic

m
with the interval centered on | A.x. =?..
i=1

concepts 1in the theory of statistical estimation and in
particular a section on the efficiency of weighting, which
is pertinent to the above derivations of confidence

intervals,



ANALYSIS OF THE RANDOM VARIABLE R

R is the fundamental random variable in the model and is
defined by equation (5). The n sample wvalues of R are first
classified into M classes of equal width, where M is the
minimum of ([n/m},20). If [n/m)} is less than or equal to 2,
then none of the computations on R in this section are
performed., A histogram of R is printed out together with
the interval boundaries and frequency of occurrence
expressed as a percentage of the total sample size. Since
the expected value of R is zero, the sample statistics are
computed about zero rather than the sample mean. The sample
mean, sample variance, and coefficients of skewness and

kurtosis are computed by the following formulas,

n
Sample mean value, _ﬁ% Y Ry (38)
j=1
2 1% 2
Sample variance, Sy=% ) RS (39)
_ s£1 3
1% _3,.3
Coefficient of skewness, y.,=— ) R%/S (40)
nj=1 3 R

4

MEE (41)

n
Coefficient of kurtosis, Y2=%( ) Rg/s
j=1

The statistics in this model are based on the assumption

that R is normally distributed with mean zero and constant

-20-



variance ci. In order to determine the appropriateness of
these assumptions, the sample values Rj are once again
classified into M classes, where each class has the
probability of occurrence of 1/M. Therefore the expected
frequency of occurrence E_ for each of the intervals is

k
given by n/M. Let O, denote the number of observations in

k
the kth interval. Then the distribution of the variable
M
2_ - 2
u —kL(ok E)/E, (42)
is given approximately by the chi-square distribution with
M-2 degrees of freedom. (See Mood and Graybill, 1963, p.

2 is chosen as

308-311,) The (1-B) confidence interval for U
the interval (O,T%1_B)) which corresponds to good agreement
between the observed and expected frequencies of occurence.

2 .
T(1-8) is chosen such that
T2
f (1-8) £ () axPa1-g (43)
0

where F(xz) is the chi-square distribution function., The

2 s computed by equation (#2) using

sample value for U
Ek-n/M. Since the wvariable R is normally distributed with
mean zero and variance oi, it follows that the variable R
given by equation (38) 1is normally distributed with mean
zero and variance ai/n. Also the variable nsi/qi has a chi=-
square distribution with n degrees of freedom and 1is
statistically independent of R. Therefore the variable

T=?/SR/H (44)



has Student's t distribution with n degrees of freedom. The
(1-g) confidence interval for R is given by
- R 45
T (1.g) Sg//PSRST (1_g)Sp/ 77, (45)
where 'r(1 8) is given by equation (32).
Since nsi/oi has a chi-square distribution with n

degrees of freedom a (1-8) confidence interval for the

standard deviation of R is given by

T2
S5/ 1 ya) SO /NSR/Tig (46)

2

where Tiﬁ and T are chosen such that (see equation

2
(1-48)
26.4.18, Hoel, 1958, p. 925-949)

T2
Jf e (x2)ax?=1s, (87)
0
and © 2 >
_[2 F(X“)dx“=4R. - (48)
T(1-48)

EVALUATION OF REGRESSION COEFFICIENTS

The program performs three checks on the coefficients
A1,A2,...Am to determine if the likelihood function has a
relative maximum when evaluated at the point (81,ﬁ2,...ﬁm).

The first check determines if the coefficients are a

simultaneous solution of the set of equations (13) obtained



by setting the partial derivative of the log of the
likelihood function with respect to the Ai equal to zero for
i=1,2,...m. The estimates 31,32,...ﬁm are a solution of
these m equations if
i1§1oki‘£i'ck=° (49)

for k=1,2,...m, where Dy and Ck are defined by equations
(14) and (15), respectively. Due to the fact that the
subtraction operation on fixed 1length numbers in the
computer loses precision when the numbers are very nearly
equal, the test for determining whether the estimates are a
solution of the equations (49) is made as follows. Let B(k)
be the sum of all the positive addends in equation (49) and
T(k) be the sum of all the negative addends in equation (49)
for each k. Then

B (k) +T (k) =i§1Dkiii'Ck (50)
for each k.

The accuracy of the solution £1'£2""£m can be deter-
mined by testing B(k) and -=T(k) for the number of
significant digits which are equal. For example if
B(1)=1.432167 and -T(1)=1,432201, then the program would
determine that these two numbers were equal to four
significant digits. The program tests the B(k) and -T(k)
for equality in significant digits for k=1,2,...m. Let NSD
denote the minimum number of significant digits between the

B(k) and -T(k). If NSD is zero, then the program writes a



statement that the coefficients are not a simultaneous
solution of the partial derivative equations. Otherwise the
program writes a statement that the coefficients are a
simultaneous solution of the partial derivative equations to
NSD significant digits.

The second check determines if the sequences of
coefficient estimates have converged within the tolerance
specified for each sequence. Let Ai be computed as follows:

al=) p .C (51)
for i=1,2,...m, where the Q;i are the elements of the
inverse of the matrix (Dki) given by equation (14). Let
si=Max(|Ay,|£i|,1). 1f£ |a!-R |<es; for i=1,2,...m, then a
message is written in the output that the coefficients are
within the specified tolerance. Otherwise a message is
written that the coefficients are not within the specified
tolerance.

A final check is made to determine if <the 1likelihood
fgnction exhibits a relative maximum at the point
(31,32,...3m). The program computes the matrix of second
order partial derivatives of the 1log of the likelihood
function with respect to the coefficients A1.A2,...Am,

evaluated at the point (51,8 Rm). If this matrix is

2).0.
negative definite, then this point is a relative maximum of
the 1likelihood function. The program computes the eigen

vectors and eigen values of the matrix. If all of the eigen
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values are negative, then the matrix is negative definite.
The eigen values are printed out so that the user can
determine if the solution is a relative maximum. As a check
on the eigen vector subroutine, the determinant of the
matrix is computed and compared to the product of the eigen
values. These two numbers should be equal within the error
tolerance of this subroutine. This subroutine determines
the minimum number of significant digits in the eigen
vectors and eigen values and this number is printed out.

The program terminates with the message "END OF EXECUTION",

INPUT

This program requires a considerable number of input
parameters in addition to the usual reqgression data matrix.
The input can have a fixed 1length record format of 80
characters or a variable length record format. The user is
referred to IBM, Systems Reference Library (1968) for

FORTRAN details.

Input Specifications

The first record is always read in from a card and must

have the following format.



Characters Format Meaning

1= 2 12 Number of independent variables,
3- 5 I3 Number of observations.

6=15 D10.3 Convergence tolerance,.

16-25 D10.3 Lower bound for weight function,
26=-27 12 Number of parameters given for

weight function.

28-31 I4 Maximum number of iterations for
each value of the parameters,

32-41 D10.3 Parameter for weighted curve
fitting technique.

§2-44 F3.2 Size of critical regions for com-

puting confidence intervals.

45 I1 Data format indicator.

46 I1 Coefficient indicator.

47-48 I2 FORTRAN data set reference no.

49 11 Symmetric coefficient equations
indicator.

The rest of the input records are read from the data set
indicated by characters #47-48 on the above card. If this
number is less than 9 or greater than 98, ¢then it is set
equal to 5, which corresponds to the card reader.

The next set of input records must contain the given
values of the parameter o for the variance weighting

function. The format of these records is (3D22.15). There
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must be at least one value of the parameter and not more
than 20. The first value of a for which the estimating
technique produces an answer serves a special purpose as
described in equations (10-12),

If the coefficients indicator is zero or blank, then the
initial estimates for the regression coefficients are set
equal to the standard 1least squares estimates of the
coefficients., No initial estimates should be included.

If the coefficient indicator is not zero or blank, then
the program assumes that the user will provide initial
estimates of these coefficients. The format of these
coefficients is (3D22.15). There must be the same number of
coefficients as the number of independent variables
specified on the first input control card.

If the symmetric coefficient equations indicator is zero
or blank, then the program assumes that the matrix of
coafficients of the wvariables A1,A2,...Am given by the
eguations (6) is symmetric for each iteration. A
significant amount of computer time can be saved by using
this indicator when the equations are symmetric.

In order to allow use of input data not prepared
specifically for this program, the format of the data 1is
gpecified by the user. This object time format is used to
read in the data matrix for the regression analysis. This

matrix can be read in either the standard or transposed mode



as indicated by the data format indicator on the first input
control card.

The next set of input records must contain the name of
the dependent variable followed by the names of the
independent variables. These records must have the format
(6 (a8,2X) ,20X). If names are not desired, the records

should contain blanks.

Standard Mode

If the data format indicator is zero or blank then an 80
character record is required to define the format speci-
fications for both the dependent and independent variables.
Both of these variables must have the same format. For
example, this format statement might be (6D12.5,8X).

The next set of input records must contain the names for
each observation of the dependent variable. The format for
these records is (6(A8,2X),20X). There must be the same
number of names as the number of observations. If names are
not desired, the records should contain blanks.

The next set of input records must contain the values of
the dependent variable Y for each observation. The format
of this data is given by the object time format statement.
This data is stored in double precision.

The next set of input records must contain the values of

the independent variables for each observation. The format
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of this data is given by the object time format statement.
This data is stored in double precision and referred ¢to in
the output as X(1),X(2),...X(m), where m is less than or
equal to 10.

Transposed Mode

If the data format indicator is not a 2zero or blank,
then the following 80 character record is required to define
the format of the input data matrix and the names of each
observation of the dependent variable. The first data field
in this statement refers to the name of the observation and
should be in one of the following format codes A1-A8. The
second data field refers to the value of the dependent
variable for this observation and must be a floating point
code which describes the input data. This number is stored
in double precision. The remaining data fields refer to the
independent variables and must be in floating point format
codes. These numbers are also stored in double precision.
For example, a typical format statement might be
(2X,aA4,5X,D012.5,5D10.3). This format statement would

correspond to the following input record.



Characters Formzt Meaning
3- 6 A4 Name of observation.
12-23 b12.5 value of dependent variable for

this observation.
24-33 D10.3 value of first independent var-
iable for this observation.
34-43 D10.3 Value of second independent var-
iable for this observation.
44-53 D10.3 Value of third independent var-
iable for this observation.
54-63 D10.3 Value of fourth independent var-
iable for this observation.
64-73 D10.3 Value of fifth independent var-

iable for this observation.

OouTPUT

The output from this program consists of tables, a
scatter diagram, a histogram, sets of confidence limits, and
related statistics. (See the attached example output, p.
62-78.) Some variation in the output will occur as a result
of choosing different values of the input parameters., A

brief description of each of the printouts follows.



Input Data and Parameters

The program prints out the values of the input data and
parameters together with appropriate identifying labels (p.
64-65). At the end of the input 1listing is printed the
message "END OF INITIALIZATION", which signifies that the
program has read in all of the input data without detecting

any errors.

Intermediate Results

The program then begins the iteration technique for each
given value of the weighting function parameter. A summary
of the results for each value of this parameter for which
the technique produces a solution is printed out., If any
error conditions occur during the iterative procedure or if
the sequences of estimates do not converge within the
tolerance specified, then messages are printed out stating
the nature of the error condition. The printout (p. 66)
contains the estimating equation derived for the given
values of the variance parameter a, Ga defined by equation
(11), the logarithm of ) given by equation (12), the number
of iterations required for convergence, and the value of the

variance parameter.



Results of Weighted Curve Fitting Technigue

If there are three or more values of A, then the program
performs a weighted parabolic curve fitting technique wusing
the values of 1logA as the dependent variable and the
corresponding values of a as the independent variable, A
detailed table of results containing the values of the
dependent variable, the estimates of the dependent variable,
the difference between these two values, the value of a
built-in weighting function, the ratio of the difference to
the weight, the standard deviation of the observed values
about the estimated values, ‘and the names of each of the
variables is printed out (p. 67). The estimating equation
is also printed out as well as the number of iterations and
the value of the variance parameter. The program also
computes that value of a corresponding to the minimum of the
fitted curve which 1is labeled "ESTIMATE OF VARIANCE

PARAMETER ALPHA" (p. 67).

Nonconstant Variance Regression Analysis Results

This printout (p. 68) contains the detailed and summary
output referred to above corresponding to that value of a
for which the logd is minimal. This printout contains the
final estimates of the regression coefficients, standard

deviation of the ratios, and estimate of a. The remaining



printouts and results all correspond to this regression

analysis and corresponding estimate of .

Joint Freguency Function Ratios

This printout (p. 69) contains the computed values of
the joint frequency function ratios, the A's given by (12),
for each of the values of the variance parameter a for which
the iterative technique produced a solution, Since the
range of tﬁese numbers can be guite large, the exponent is
printed using the FORTRAN format IS5 instead of the standard

two-digit exponent of the FORTRAN D format.

Coefficient Equations and Solutions

This printout (p. 70-71) contains the coefficient matrix
Dy and the vector of constant terms SN defined by equation
(13) as well as the values of the inverse of the coefficient
matrix and estimates of the coefficients Ai given by
equation (16). These coefficients should not differ from
those estimated by the iterative technique by more than the
convergence tolerance times the value of the corresponding
coefficients, If they do, then the iterative technique has

not converged within the tolerance specified.



Linear Relationships Between Variables

This printout (p. 72) contains the arithmetical
correlation matrix for the independent variables, These
valuegs are computed as described in equations (17), (18),
and (19). The correlation matrix is not assumed to have any
statistical significance and is included only as an aid in
evaluating the independent variables. This printout also
contains the arithmetical 1linear correlation between the
estimated values of Y and the independent variables as

computed by equation (22).

Confidence Intervals

Three different sets of approximate confidence intervals
are computed using the variance-covariance matrix of the
regression coefficients given by egquation (26), which is
also written in this printout (p. 73-75). The approximate
confidence intervals for the coefficients are computed by
equation (31). The approximate confidence intervals for the
expected values of the variables Yj for j=1,2,...n are
computed by egquation (34) and the approximate confidence
intervals for the variables Yj for j=1,2,...n are computed

by equation (37).



Statistics for Distribution of Ratios

This printout (p. 76) contains a histogram of the sample
values of R as well as the sample statistics of this
variable computed about zero. The data is classified into
intervals of equal expectation and a chi-square value is
computed, which is a measure of how well the sample values
of R fit the hypothesized distribution. These intervals and
the observed and expected frequencies are also printed.
Confidence intervals for testing the goodness of fit as well
as for the sample mean and the standard deviation of R are

also printed.

Graph of Observed and Estimated Values of Y

This printout (p. 77) contains a scatter diagram
relating the observed and estimated values of the Y
variable. The asterisks on this graph represent the points
(Yj,fj) for j=1,2,...n. The periods represent the upper and
lower limits of the confidence interval for each of the
observations in the sample. These limits are computed by
adding and subtracting the quantity computed by equation
(37) to the estimate Yj for each j. Two X's are plotted on
the graph. The line joining these two X's represents the

line of means for Y.



Analysis of Regression Coefficients

This printcut (p. 78) is described in the section of
this paper titled "Evaluation of regression coefficients"
(p. 22). The matrix of second order vartial derivatives of

the log of the likelihood function is given by
n Y.-¥ 2
32'21[“ i ]

j= ana(Yj)

(E,, )= . (52)
ik 3AiaAk

This matrix should be a real symmetric matrix. If the
coefficients are a relative maximum, then the matrix should

be negative definite.

FORTRAN FUNCTIONS REQUIRED BY PROGRAM

This program regquires the user to supply three FORTRAN
function subprograms which compute the estimated values of
the function Fay and the first and second order partial
derivatives of F with respect to the coefficients

a
Ay,Ay,...A . There is a great deal of flexibility available
to the wuser in the coding and use of these functions, If
the functions are not restricted to be functions of the
coefficients A1,A2,...Am, the first and second order

derivatives would be zero. The functions must conform ¢to

the following specifications:
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X is a real variable double precision matrix containing
the values of the independent variables.

A 1is a real variable double precision vector containing
the estimates of the coefficients A1,A2,...Am for the
preceding iteration.

ALPHA is a real double precision variable, which is
given the value of the variance parameter o by the
main program.

J is an integer variable denoting the observation for
which the weighting function is to be evaluated.

I is an integer variable denoting that the partial
derivative is to be computed with respect to the
coefficient A;.

K is an integer variable denoting that the second order
partial derivative is to be computed with respect to
the coefficient AK‘

NX is an integer variable representing the number of in-
dependent variables.

NY is an integer variable representing the number of

observations of the dependent variable.

m
EY, is equal to ] A

X, .
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Function EYF

The FORTRAN function EYF can be coded usina the follow-
ing statements to define this function.

FUNCTION EYF(X,A,ALPHA,J,NX,NY)

DOUBLE PRECISION X(10,500) ,A(1) ,ALPHA,EYF

Insert FORTRAN statements to compute EYF=FQ(EYJ) here.

RETURN

END

The only external variable which should be changed by
this function is the real variable EYF., The function must

contain at least one statement setting the value of EYF,

Function DEYF

The FORTRAN function DEYF can be coded using the
following statements to define this function,
FUNCTION DEYF(X,A,ALPHA,J,I,NX,NY)

DOUBLE PRECISION X(10,500) ,A(1) ,ALPHA,DEYF

3F (EY.)
Insert FORTRAN statements to compute DEYF=-—£%ﬁr3L-here.
I

RETURN

END
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The only external variable which should be changed by
this function is the real variable DEYF., The function must

contain at least one statement setting the value of DEYF.

Function DDEYF

The FORTRAN function DDEYF can be coded using the
following statements to define this function.

FUNCTION DDEYF(X,A,ALPHA,J,I,K,NX,NY)

DOUBLE PRECISION X(10,500) ,A(1) ,ALPHA,DDEYF

2

3°F  (EY;)
Insert FORTRAN statements to compute DDEYFs-—§X—§3§-here.
I
RETURN
END

The only external variable which should be changed by
this function is the real variable DDEYF. The function must
contain at least one statement setting the wvalue of DDEYF.

See examples in Attachment 1 (p. 55) for those weighting
functions presently available on the USGS IBM 360/65

computer.
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TIMING, STORAGE REQUIREMENTS AND OPERATING NOTES

Timing on IBM 360/65, Release 16 with HASP II

The CPU time required for executing this program
fluctuates greatly depending on the number of independent
variables, the number of observations, and the convergence
tolerance specified on the first control card. The program
requires approximately mn/400 seconds per iteration, where m
is the number of independent variables and n is the number
of observations. The user can determine an approximate
upper bound for the overall execution time by the formula

T=10+K(Na+2)smn/u00 seconds, (53)
where Na is the number of given values of the variance para-
meter:
s is equal to .5 if the symmetric coefficients indica-
tor is 2zero or blank, to 1 otherwise;
K is the maximum number of iterations specified on the
first input card.

The total run time varies depending on the manner in
which the 3job 1is processed., Approximately three minutes
should be added to the estimated execution time if the
entire program is being compiled and link-edited although
this mcde of operation is not recommended.

Two modes of operation are recommended on the USGS

computer. Mode 1 requires approximately 30 seconds plus
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execution time for operating the program. Mode 2 requires
approximately 50 seconds plus execution time for operating
the program. See "Operating notes™ (p. 41) for a

description of these two modes of overation.

Storage Requirements

The program requires approximately 220,000 bytes of core
storage on the IBM 360/65 computer, In addition, core
storage is required for input-output buffers as well as for
the operating system. The program is presently operating in

a 230K region under Release 16 of the operating system.

Operating Notes

Two different modes are recommended for operating the
program on the USGS computer depending on whether a stored
weighting function or a user-supplied weighting function is

used.

Mode 1 - Stored Weighting Functions
JOB CARD (See USGS job card instruction sheet,)
//STEP1 EXEC LINKFORT,REGION.GO=230K
//LKED.LIB DD DSN=SYS1,LOADLIB,DISP=SHR
//LKED.SYSIN DD *
INCLUDE LIB(W8251#1,W82518n) - See note below. -~

ENTRY REGRES



/*

//GO.FTnnF001 DD - See note below., -

//GO.SYSIN DD *

Control card as specified in INPUT.

Additional data cards as neccessary.

/t

Note:

n is the number of the weighting function desired.

(See "Weighting functions presently available", p.
55.) nn is the FORTRAN data set reference number in
columns 47-48 of the control card. If the FORTRAN
data set reference number is 5, then the
//GO.FTnnF001 DD card should be omitted and the
data placed following the control card in the
reader. The remaining fields in this DD statement

are used to describe the input data set.

Mode 2 - User-Supplied Weighting Functions

JOB CARD (See USGS job card instruction sheet.)

//STEP1 EXEC FORTHCLG,REGION.GO=230K

//FORT,SYSIN DD *

- = FORTRAN FUNCTIONS EYF,DEYF, and DDEYF - =

/#

//LKED,LIB DD DSN=SYS1.LOADLIB,DISP=SHR

//LKED,SYSIN DD *

INCLUDE LIB(W8251%#1)

-



ENTRY REGRES
/*
//GO.FTnnF001 DD - See note above. -
//GO.SYSIN DD *
Control card as specified in INPUT.

Additional data cards as neccessary.

/#

DIAGNOSTIC MESSAGES
The following set of diagnostic messages may be printed
in the output from this program. The first message 1is
printed when any one of several different conditions are
encountered by the program. It is referred to as Message #1

in this paper.

CHECK INPUT DATA, INITIAL ESTIMATES OF COEFFICIENTS, AND
PARAMETERS OF WEIGHTING FUNCTION.
END OF EXECUTION
Cause: This message is printed out if any one of several
different conditions are encountered, which
preclude further execution of the program. The
user should check hisg input data to determine

the cause of the trouble, If an additional
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Action:

diagnostic message is oprinted in the output,
then the user should try to determine the cause
of the trouble on the basis of all the messages

printed.

Program terminates and a STOP 1 may be written in

the HASP system log.

NUMBER OF OBSERVATIONS IS LESS THAN NUMBER OF INDEPENDENT

VARIABLES.

Cause:

Action:

The number of observations must be 1less than or

equal to the number of independent variables on

the first input control card.

Message #1 is printed in the output. The program

terminates and a STOP 1 may be written in the

HASP system log.

END OF INITIALIZATION

BEGIN EXECUTION

Cause:

Action:

All of the input data has been successfully read

into the program, (See "Input data and

parameters”, p. 31.)

The program enters the execution phase.

POSSIBLE LOSS IN NUMBER OF SIGNIFICANT FIGURES. VARIANCE

PARAMETER = 0.xxxxxDinn
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Cause: The subroutine WORK, which solves the set of 1linear
equations obtained from equations (6) and (7) by
the iteration technique described in the section
"Computational procedures for estimating the
coefficients”, (p. 8), has returned an error
code indicating that a loss in the number of
significant fiqures may have occurred for the
stated variance parameter.

Action: Execution continues. User should check results for
loss in accuracy. A switch is set so that this
message will be printed no-more than once for

each value of the variance parameter,

THE FUNCTION F(EY) IS LESS THAN 0.xxxxxDinn ON ITERATION

nnn. VARIANCE PARAMETER = 0.xxxxxDinn

Cause: The weighting function is less than the lower bound
for the weight function specified on the first
input control card for the stated variance
parameter,

Action: Program execution continues but results for stated
variance parameter are not included in further
computations, If the iterative technique fails
to converge for any reason for all values of the

variance parameter, then Message #1 1is printed

[E)]



in the output and a STOP 1 may be printed in the

HASP system log. Execution is terminated.

ITERATION TECHNIQUE FAILED TO CONVERGE WITHIN TOLERANCE

SPECIFIED. VARIANCE PARAMETER = 0,xxxxxDinn

Cause:

Action:

The

sequences of estimates of the coefficients
failed to converge within tolerance specified,
within the maximum number of iterations,
indicated on the first input control card for
stated variance parameter. (See "Input specifi-
cations", p. 25, and "Computational procedures

for estimating the coefficients”", p. 8.)

Same as for previous messaae,

COEFFICIENT MATRIX IS SINGULAR, VARIANCE PARAMETER =

0.xxxxxDtnn

Cause:

Action:

Subroutine WORK, which solves the set of linear

equations obtained from equations (6) and (7) by
the iterative technique described in the section
"Computational procedures for estimating the
coefficients” (p. 8), has determined <that the
set of equations are singular for the stated

variance parameter,

Same as for previous two messages.
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END OF EXECUTION
Cause: Normal end of program.
Action: Program terminates and a STOP 0 may be printed in

the HASP system log.

POSSIBLE LOSS IN NUMBER OF SIGNIFICANT FIGURES.

Cause: The subroutine WORK, which solves the set of linear
equations given by equation (13) has returned an
error code indicating that a loss in
significant figqures may have occurred.

Action: Program execution continues., Condition ma7y also be
indicated by the number of significant diqgits

for the inverse being equal to zero.

COEFFICIENT MATRIX IS SINGULAR

Cause: The subroutine WORK, which solves the set of linear
equations given by equation (13) has determined
that the matrix (Dki) given by equation (14) is
singular. This means that the procedures used
to calculate the inverse of the coefficient
matrix may not be accurate.

Action: Same as for previous message.

THE FUNCTION F(EY) IS LESS THAN 1,0D-10 FOR THE nnnTH OBSER=-

VATION .
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Cause: The subroutine F2DEYF, which computes the matrix of
second order partial derivatives of the
likelihood function with respect to the
coefficients A1,A2,...Am, has encountered the
stated condition, where F(EY) denotes the
weighting function F&(Efj) for ¢the final
estimate of « and j=nnn. When this condition
exists, the matrix of second order derivatives
is usually unreliable. This condition can be
overcome by insuring that the function F, is
chosen such that it is bounded below by at

least 10-10.

Action: The value of 10~ 10

is used in place of Fa(EQj) for
the nnnth observation to prevent overflow
conditions from taking place. For some data
sets the overflow condition may still persist.

If it does, the message shows the probable cause

of the overflow.

COEFFICIENTS ARE NOT WITHIN TOLERANCE SPECIFIED.
Cause: See paragraph (p. 24) containing equation (51).

Action: Execution continues.

COEFFICIENTS ARE WITHIN TOLERANCE SPECIFIED,

Cause: See paragraph (p. 24) containing equation (51).
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Action: Execution continues.

COEFFICIENTS ARE NOT A CRITICAL POINT OF THE 1LOG OF THE
LIKELIHOOD FUNCTION,
Cause: See the section of this paver titled "Evaluation of
regression coefficients®™ (p. 22) and in par-
ticular equations (49) and (50).

Action: Execution continues.

COEFFICIENTS ARE A SIMULTANEOUS SOLUTION OF THE PARTIAL
DERIVATIVE EQUATIONS OF THE LOG OF THE LIKELIHOOD
FUNCTION TO nn SIGNIFICANT DIGITS.

Cause: See the section of this paper titled “Evaluation of

regression coefficients™ (p. 22) and in
particular equations (49) and (50).

Action: Execution continues,

POSSIBLE LOSS IN NUMBER OF SIGNIFICANT DIGITS

Cause: The subroutine WORK, which solves the set of linear
equations given by equations (13), (14), and
(15), has returned an error code indicating that
the set of coefficients wused to check the
estimates of the coefficients may be subject to
error, See equation (51).

Action: Execution continues.
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COEFFICIENTS ARE A RELATIVE MAXIMUM WITHIN TOLERANCE SPEC-
IFIED IF ALL OF THE EIGEN VALUES OF THE ABOVE MATRIX ARE
NEGATIVE AND IF THE COEFFICIENTS ARE A SIMULTANEOUS
SOLUTION OF THE PARTIAL DERIVATIVE EQUATIONS OF THE LOG
OF THE LIKELIHOOD FUNCTION,

Cause: See "Evaluation of regression coefficients" (p. 22).

Action: Execution continues.

HIGHER ORDER DERIVATIVES WOULD HAVE TO BE ANALYZED TO DETER~
MINE IF THESE COEFFICIENTS ARE A RELATIVE MAXIMUM,
END OF EXECUTION
Cause: The determinant of the matrix of second order
partial derivatives is equal to zero.
Action: Execution is terminated. STOP 0 may be printed in

the HASP system log.

COMPUTED EIGEN VALUES OR VECTORS MAY NOT BE RELIABLE.

Cause: The minimum number of sionificant diaits for the
eigen values or vectors computed by the
subroutine, EIGEN, is equal-to zero.

ACTION: Execution is complete at this point. Normal end of
execution may be indicated by a STOP 0 printed

in the HASP system log.
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MINIMUM NUMBER OF SIGNIFICANT DIGITS FOR EIGEN VALUES OR
VECTORS = nn
Cause: EIGEN subroutine has a built-in checking procedure
to determine accuracy of results.

Action: Execution continues.

In addition to the above-listed diagnostic messages, the
standard IBM System/360 operating system completion codes
and error messages may be written in the output. 1If any of
these messages are written in the output, it usually is due
to the input data not conforming to the input speci-
fications. It may also be due to the iterative technique
generating a set of values, which are not compatible with
the mathematical model or are out of range of the computer's
number system. If any error messages or completion codes
are contained in the output then the results from the
program may be in error. The user is warned to examine the

output from this program closely for error messages.
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1. WEIGHTING FUNCTIONS PRESENTLY AVAILABLE

This attachment contains a listing of each of the sets
of three FORTRAN functions of the type required by the
Nonconstant Variance Regression Analysis program, which are
presently available on the USGS IBM 360/65 computer. Each
of these sets is stored in load module form with the member
names W8251#2, W8251#3, W82S51#4, and W82514#5 in the SYS1.
LOADLIB library on the PERMO1 disk pack. These functions
were compiled using the IBM FORTRAN-IV (H Level) compiler.
Subsequent sets will be stored as need and use dictate,

It is the user's responsibility to make sure that these
functions possess the required properties for the particular
data set being processed and in particular for the values of
the variance parameter a used in the program.



MEMBER W8251%2

The library member W8251#2 contains the three FORTRAN
functions EYF,DEYF, and DDEYF given below.

Fa(EYj)=z+|EYj|° (See note, p. 57.)

FUNCTION EYF (X,A,ALPHA,J,NX,NY)
DOUBLE PRECISION X(10,500),A(1) ,ALPHA,EYF,2
DATA SWITCH/0/
IF (SWI1TCH) 3,1,3
1 SWITCH=1
READ(5,2) 2
2 FORMAT (E12.5)
3 CONTINUE
EYF=0
DO 4 I=1,NX
4 EYF=EYF+A(I) *X(I,J)
IF (ALPHA) 5,6,5
5 EYF=Z2+DABS (EYF) **ALPHA
RETURN
6 EYF=1+2
RETURN
END

OF o (EY 1 -
—sﬁf——ll=xijsgn(EYj)alEYj|a !
FUNCTION DEYF (X,A,ALPHA,J,I,NX,NY)
DOUBLE PRECISION X(10,500),A(1) ,ALPHA,DEYF,21
DEYF=0
Z21=1
DO 1 I1=1,NX
1 DEYF=DEYF+A (I1)*X(I1,J)
' IF (DEYF) 2,3,3
2 Z1=-1
3  CONTINUE
IF (ALPHA-1) 4,5,4
4  DZYF=ALPHA*X(I,J)* (DABS(DEYF))**(ALPHA-1)
DEYF=DEYF*2Z1
RETURN
5 DEYF=X(I,J)*Z1
RETURN
END
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3%F (EY.)
2 =X, .X, .
Ai i37k)
FUNCTION DDEYF (X,A,ALPHA,J,I,K,NX,NY)
DOUBLE PRECISION X(10,500) ,A(1) ,ALPHA,DDEYF
DDEYF=0
DO 1 I1=1,NX
1 DDEYF=DDEYF+A (I1)*X(I1,J)
IF¥ (ALPHA-2) 2,3,2
2 DDEYF= (ALPHA-1) *ALPHA*X (K,J) *X(I,J) * (DABS (DDEYF))
1 *% (ALPHA-2)
RETURN
3 DDEYF=X(K,J) *X(I,J) *ALPHA* (ALPHA-~1)
RETURN
END

a(a-1)[EYj|a-2

Note: The value of Z is arbitrary and must be provided by
the user in columns 1-12 of a data card. It should
be punched in the format E12,5 and the card should
be placed at the end of the set of input cards
immediately preceding the last /* control card.

MEMBER W8251#3

The 1library member W8251%#3 contains the three FORTRAN
functions EYF, DEYF, AND DDEYF given below.

FQ(EYj)=(Z+|EYjI)u (See note above.)

FUNCTION EYF (X,A,ALPHA,J,NX,NY)
DOUBLE PRECISION X(10,500),A(1) ,ALPHA,EYF,Z
COMMON 2
DATA SWITCH/Q/
IF (SWITCH) 3,1,3
1 SWITCH=1
READ (5,2) 2
2 FORMAT (E12.5)
3 CONT INUE
EYF=0
DO 4 I=1,NX
4 EYF=EYF+A (I)*X(I,J)
IF (ALPHA) 5,6,5
5 EYF=(Z+DABS (EYF) ) **ALPHA
RETURN
6 EYF=1
RETURN
END
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3Fg (EY4) a-1
__%Xz_i--xijsgn(EYj)u(Z+lEYj|)

FUNCTION DEYF (X,A,ALPHA,J,I,NX,NY)
DOUBLE PRECISION X(10,500),A(1) ,ALPHA,DEYF,21,2
COMMON 2
DEYF=0
DO 1 I1=1,NX
1 DEYF=DEYP+A(I1)*X(I11,J)
Z1=1
IF (DEYF) 2,3,3
2 Z1==1
3  CONTINUE
IF (ALPHA-1) 4,5,4
4 DEYF=ALPHA*X(I,J)*(DABS(DEYF)+2) ** (ALPHA~1)
DEYF=DEYF*Z1
RETURN
5 DEYF=X(I,J)*21
RETURN
END

2
9°Fq (EY4) a=-2
-ngET-i-a(u-1)uxijxkj(z+|EYj|)

FUNCTION DDEYF (X,A,ALPHA,J,I,K,NX,NY)
DOUBLE PRECISION X(10,500),A(1) ,ALPHA,DDEYF,?Z
COMMON Z
DDEYF=0
DO 1 I1=1,NX
1  DDEYF=DDEYF+A (I1)*X(I1,J)
IF (ALPHA-2) 2,3,2
2 DDEYF= (ALPHA-1) *ALPHA*X (K,J) *X(I,J)* (DABS (DDEYF) +2)
1%+ (ALPHA-2)
RETURN
3  DDEYF=X(K,J)*X(I,J)*ALPHA* (ALPHA-1)
RETURN
END
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MEMBER W8251#4

The library member W8251#4 contains the three
functions EYF, DEYF, and DDEYF given below.
-1
-a)z)

Fa(EYj)=(z+(EY (See note, p. 57.)

3
FUNCTION EYF (X,A,ALPHA,J,NX,NY)
DOUBLE PRECISION X(10,500),A(1) ,ALPHA,EYF,2
COMMON 2
DATA SWITCH/0/
IF (SWITCH) 3,1,3
1 SWITCH=1
READ (5,2) 2
2 FORMAT (E12.5)
3 CONTINUE
EYF=0
DO 4 I=1,NX
4  EYF=EYF+A(I)*X(I,J)
EYF=1/(2+ (EYF-ALPHA) **2)
RETURN
END

] ) o- .= .
Fa(EYJ)= 2(EY41;a)Xlj

[z+(EYj-a)2]2

A,
FUNCTION DEYF (X,A,ALPHA,J,I,NX,NY)
DOUBLE PRECISION X(10,500),A(1) ,ALPHA,DEYF,DX,2
COMMON 2
DEYF=0
DO 1 I1=1,NX
1 DEYF=DEYF+A (I1) *X(I1,J)
DX=DEYF-ALPHA
DEYF=(-2*DX*X(I,J))/(2+DX**2) #*2
RETURN
END

FORTRAN



2 2

3
BAiBAk [2+(EYj-a) 13

FUNCTION DDEYP (X,A,ALPHA,J,I,K,NX,NY)
DOUBLE PRECISION X(10,500) ,A(1),ALPHA,DDEYF,Z2,F
COMMON 2
DDEYF=0 -
DO 1 I1=1,NX

1  DDEYF=DDEYF+A (I1)*X(I1,J)
DDEYF=DDEYF~ALPHA
F=Z+DDEYF**2
DDEYF=X(I,J) *X(K,J) * (~2*F+8*DDEYF##2) /F*+3
RETURN
END

MEMBER W8251#5

The 1library member W825145 contains the three FORTRAN
functions EYF, DEYF, and DDEYF given below.

Fa(EYj)=wj (See note, p. 61.,)

FUNCTION EYF (X,A,ALPHA,J,NX,NY)
DOUBLE PRECISION X(10,500) ,A(1) ,ALPHA,EYF,W(500)
DATA SWITCH/0/
IF (SWITCH) 3,1,3
1 READ (5,2) (wW(J),J=1,NY)
2 FORMAT (6E12.5)
SWITCH=1
3 EYF=W (J)
RETURN
END
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3F (EY.)
[» 3
Ay
FUNCTION DEYF (X,A,ALPHA,J,I,NX,NY)
DOUBLE PRECISION X(’O,SOO),A(1),ALPHA,DEYF
DEYF=0
RETURN
END

=0

2
9 Fa(EY"

ey 2 =0

3;0Ry

FUNCTION DDEYF (X,A,ALPHA,J,I,K,NX,NY)
DOUBLE PRECISION X(10,500),A(1),ALPHA,DDEYF
DDEYF=0

RETURN

END

Note: The numbers W; are known positive weights read in
from the card reader. There should be one value of
w for each observation. The cards. should be
pinched in the format (6E12.5) and placed at the
end of the set of input cards immediately preceding
the last /* control card.
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2, SAMPLE OUTPUT

The following set of output typifies that produceg b
this program, Some variation in the output will occyr as
the result of choosing different parameters and of Coursge
the results may look very different for different data sets,
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3. PROGRAM LISTING

The following program was compiled using the IBM
FORTRAN-IV (G—Level) compiler and the FORTRAN-IV (H-Level)
compiler with optimization equal to zero. Since the IBM
compilers have some features not available on other

manufacturers' compilers, the program may have to be
modified to work on other compilers.
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c

NONCONSTANT VARIANCE REGRESSION PROGRAM BY MARSHALL S. HELLMANN RGS
DIMENSION X(104500)y Y(500)y W(500), A(10), B(10)y EY(500), DY(500RGS
1)y V(10,500), C(10)y D(10410)y RDY(500), ALPHA(20)}, AO(10)y U(S500)RGS

2y UO{500)y RL{20)y X1(3,20)y Y1120)s SLABEL(20)s LABEL(500) RGS
DIMENSION SIGN(10), F{(500), G(500), FMT{20), VLABEL{10) RGS
DOUBLE PRECISION XNY, LABEL, SLABEL, Fy Gy VLABEL, YLABEL RGS

DOUBLE PRECISION A1,A2,ALPHMyFEYFRLyFMIN, SRDY,ALPHA ,DET ,DEL yDELTARGS
1 ,EPSLON,DEYF ’EYF,FEYF 'FDEYF’AD' EPSLQX ‘YOH’A’B,EY'DY,VQCQD’U,RDY'UORGS

29RL X1 9Y1yPA,ALPHM1,DELT1 } RGS
DATA BLNK/?® '/,PLUS/'+Y/ RGS
DATA A0/10%0.0D0/ RGS
DELT1=1.0D-30 RGS
EPS=}1.0D~15 RGS
12=6 RGS
READ (5451) NX¢NY,EPSLON,DELTA,NAyNITE,A2,PA,NO, IRUN,I1,ISYM RGS

! FORMAT (12,1342D10.3,12,144D10.3,F3.2,211,12,11) RGS
IF (11-8) 3,3,2 RGS

2 IF (11-99) 443,4 RGS
3 I1=5 RGS
4 WRITE (12,159) RGS
XNY=NY RGS
WRITE (12,5) RGS

5 FORMAT (1H153X25HINPUT DATA AND PARAMETERS) RGS
WRITE (12,6) NX RGS

6 FORMAT {1HO10X34HNUMBER OF INDEPENDENT VARIABLES = 13/) RGS
WRITE (12,7) NY RGS

7 FORMAT (1HO10X25HNUMBER OF OBSERVATIONS = 14&/) RGS
EPSL=EPSLON%100 RGS
WRITE (1248) EPSL RGS

8 FORMAT (1HO10X24HCONVERGENCE TOLERANCE = E10.3,22HZ OF EACH COEFFIRGS
1CIENT./) RGS
WRITE (12,49) DELTA RGS

9 FORMAT (1HO10X34HLOWER BOUND FOR WEIGHT FUNCTION = E10.3/) RGS
WRITE (12,10) NA RGS

10 FORMAT (1HO10X49HNUMBER OF PARAMETERS GIVEN FOR WEIGHT FUNCTION = RGS
114/) RGS
WRITE (I2,11) NITE RGS

11 FORMAT (1HO10X31HMAXIMUM NUMBER OF ITERATIONS = 14/) RGS
WRITE (12412) A2 RGS

12 FORMAT (1HO,10Xy*VARIANCE PARAMETER FOR CURVE FITTING FUNCTION = *'RGS
1,012.5/) RGS
WRITE (12,13) PA,NOyIRUN RGS

13 FORMAT (1HO1O0X27HSIZE OF CRITICAL REGIONS = F4.2//1HO10X24HDATA FORGS
LRMAT INDICATOR = 411//1HO10X25HCOEFFICIENTS INDICATOR = ,117/) RGS
WRITE (I25164) I1,1SYM RGS

14 FORMAT (1HO0,10X,'FORTRAN DATA SET REFERENCE NUMBER = ',I2//1HO,10XRGS
1y 'SYMMETRIC COEFFICIENT EQUATIONS SWITCH = %,11/) RGS
WRITE (12,15) RGS

15 FORMAT (1H ) RGS
IF (NY-NX) 16,18,18 RGS

16 WRITE (I2,17) RGS
17 FORMAT (1HO,5X,*NUMBER OF OBSERVATIONS 1S LESS THAN NUMBER OF INDERGS
1PENDENT VARIABLES.') A RGS
GO TQ 157 RGS

18 CONTINUE RGS
READ (J1,19) (ALPHA(K) K=1,NA) RGS

19 FORMAT (3D22.15) RGS
WRITE (12,20) RGS
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20 FORMAT (1HO1O0X45HVALUES OF GIVEN PARAMETERS OF WEIGHT FUNCTION/) RGS 59

WRITE (I2,21) (ALPHA(K)¢K=1,4NA) RGS 60
21 FORMAT (lH ,6D22.15) RGS 61
IF (IRUN) 22426422 RGS 62

22 READ (I1,19) (AO(I),I=14NX) RGS 63
WRITE (12,23) _ RGS 64

23 FORMAT (1HO1OX33HINITIAL ESTIMATES OF COEFFICIENTS/) RGS 65
DO 24 I=1,NX RGS 66

24 WRITE (12,25) I,A0(I) RGS 67
25 FORMAT (1H 10X2HA(,12,4H) = ,D22.15) RGS 68
26 READ (11,27) FMT RGS 69
27 FORMAT (20A4) RGS 70
READ (I1431) (YLABELs (VLABEL(I),I=1,NX)) RGS 71

IF (NO) 28,30,28 RGS 72

28 DO 29 J=1,NY RGS 73
29 READ (11 ,FMT) (LABEL(J),Y(J)ya(X(I,J)oI=1yNX)) RGS 74
GO TO 33 RGS 75

30 READ {I1,31) (LABEL(I),I=1,NY) ‘ RGS 76
31 FORMAT ((6(A8,2X),20X)) RGS 77
READ (I1,FMT) (Y(J),yJ=1,NY) RGS 78

DO 32 I=1,NX RGS 79

32 READ (I1,FMT) (X(I9J)sJd=14NY) RGS 80
33 WRITE (12,34) RGS 81
34 FORMAT (1HO10X28HNAMES OF DEPENDENT VARIABLES/) RGS 82
WRITE (12,35) (LABEL(I),I=1,NY} . RGS 83

35 FORMAT ((1X,13(A8,2X))) RGS 84
WRITE (I2,36) YLABEL RGS 85

36 FORMAT (1HO,10X,'DEPENDENT VARIABLE',10X,A8/) RGS 86
WRITE (12,40) (Y(J),J=1,NY) RGS 87
WRITE (I2,37) RGS 88

37 FORMAT (1HO1O0X22HINDEPENDENT VARIABLES /) . RGS 89
DO 39 I=1,NX RGS 90
WRITE (12,38) I,VLABEL(I) RGS 91

38 FORMAT (1H 10X ,9HVARIABLE 12,10X,A8) RGS 92
39 WRITE (12,40) (X{I,J),J=1,NY) RGS 93
40 FORMAT (1H ,6022.15) RGS 94
WRITE (I2,41) RGS 95

41 FORMATY (1HO»21HEND OF INITIALIZATION//,1H ,'BEGIN EXECUTION'/,1H1,RGS 96
156X, INTERMEDIATE RESULTS'//) RGS 97
SWITCH=0.0 RGS 98
MNA=NA RGS 99

DO 42 J=1,NY RGS 100

42 uolJ)=1 RGS 101
K1=0 RGS 102

43 K1=K1+1 : RGS 103
44 DO 45 I=1,NX RGS 104
45 A{I)=A0(I) RGS 105
DO 46 J=1,NY RGS 106
w(Jd)=1.0D00 RGS 107

DO 46 I=1,NX RGS 108

46 V(1,4)=0.0D0 RGS 109
Al=ALPHA (K1) : RGS 110
NITER=0 : : RGS 111
SRDY=0 : . RGS 112
RL(K1)=0 . RGS 113
SKIP=1 RGS 114

IF (IRUN.EQ.O0) GO TO 55 RGS 115

47 DO S0 J=1,NY RGS 116
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48

49
50

51

52
53

55

56

57

58
59

60
61

62

63
64

65
66
67

JF (SWITCH=1) 49,468,469
WIJ)I=FEYF(Xy3A,A29JyNXyALPHM)
GO TO 50
WIJI=EYF{XsApALlgJyNX,yNY)

.CONT INUE

DO 51 J=1,NY
FEY=DABS (W (J)}-DELTA

1F (FEY} 81,81,51

CONT INUE

DO 54 1=1,NX

DD 54 J=14NY

IF (SWITCH-1) 53,52,53
VileJ)=0

GO TO 54
V(I'J)=DEYF‘XQA'Al9J'l'NXQNY)
CONT INUE

DO 56 J=1,.NY

EY(J)=0

DO 56 1=1,NX
EY(JI=EY(JI+A(T)%X(],J)
DO 57 K=1yNX

C(K)=0

DD 57 J=1,NY

CUIK)=CUKI+Y(JI¥X{KeJ) /ML) *%2+ (Y (J)~ EY(J))*V(KpJ)*Y(J)/H(Jl**B

DO 61 K=1,NX
LIMIT=K

IF (ISYM) 58,59,58
LIMIT=NX

DO 61 I=1,LIMIT
D(1+K)=0.0D0

DD 60 J=1yNY

DIToKI=DUTWKI+X (T ) (X(Ky JIEW(JIIHIY(JI=EY(I)IEVIKI)D) /7 (W (J) )%%3

CONT INUE

IF (ISYM) 64462464

DO 63 I=1sNX

DO 63 K=1,1
D(I+K)=D(K,1}

CONTINUE

CALL WORK (Co+D¢NXsIERSDET)
IF (JER) B5,65,465

IF {IER—-NX) 66,469,606

IF (SKIP) 67969467
WRITE (12,68) ALPHA(K1)

RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS

68 FORMAT (1HO»10X946HPOSSIBLE LOSS IN NUMBER OF SIGNIFICANT FIGURES . RGS

69
70

71
72
73
T4

75

13H. $21HVARIANCE PARAMETER =

SK1P=0

DO 70 I=14NX

B8(I)=C(I)

IF (SWITCH=-1) 75,71475
IF (B(3)-DELT1) 72+72,74
DO 73 I=1,NX

B(I)=A(I)

ALPHM=ALPHM1

GO TO 95

ALPHMI=ALPHM
ALPHM=-B(2)/(2%B(3))
DO 78 I=19sNX
DEL=DABS(A(I)-B(I))
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DET=DABS(A(I)) RGS
1IF (DET-DABSI(BU(I))) T76,76,77 RGS

76 DET=DABSI{BII)) RGS
77 IF (DEL-EPSLON*DET) 78,78,79 RGS
78 CONTINUE RGS
GO TO 95 RGS

79 IF (NITE.EQ.0) GO TO 95 RGS
DO 80 I=1sNX RGS

80 A{I)=B(I) RGS
NITER=NITER+1 RGS

IF (NITER-NITE) 47,47,83 RGS

81 WRITE (12,82) DELTASNITER,ALPHA(KL) RGS
82 FORMAT (1HO,*THE FUNCTION F(EY) IS LESS THAN %,£10.3,' ON ',10HITERGS
1RATION ,13,3H. L21HVARIANCE PARAMETER = ,E12.5) RGS
GO TO 87 RGS

83 WRITE (I2,84) ALPHA(KL1) RGS
84 FORMAT (1HO,10X,38HITERATION TECHNIQUE FAILED YO CONVERGE,28H WITHRGS
1IN TOLERANCE SPECIFIED.,2Xs21HVARIANCE PARAMETER = ,E12.5) RGS
GO TGO 95 RGS

85 WRITE (12,86) ALPHA(KL) RGS
86 FORMAT (1HO1OX31HCOEFFICIENT MATRIX. IS SINGULAR.2X21HVARIANCE PARARGS
IMETER = El12.5) RGS
87 IF (SWITCH) 89,88,143 RGS
88 MK=MNA-1 RGS
NA=NA-1 . RGS

89 IF (SWITCH) 90,91,143 ' RGS
90 RL(K1)=RL(1) RGS
ALPHA (K1 )=ALPHA(1) RGS

GO TO 147 RGS

91 IF (K1—-MNA) 92,94,94 RGS
92 DO 93 K=K1,MK RGS
93 ALPHA(K)=ALPHA(K+1) RGS
94 MNA=MNA-1 ‘ RGS
K1=K1l-1 ) RGS

GO TO 128 RGS

95 DO 96 I=1,NX RGS
96 B(I)=ALlI) RGS
DO 97 J=1,NY RGS
EY(J)=0 RGS

DO 97 I=1,NX ‘ RGS

97 EY(JI=EY(J)+A(I)%X(E,J) RGS
DO 100 J=1,NY RGS

IF (SWITCH-1) 99,98,99 RGS

98 W{J)I=FEYF(XsAyA2yJsNX,ALPHM) RGS
GO TO 100 RGS

99 W(JI=EYF(XsAsAlyJsNX,NY) RGS
IF (W(J)) 81,811,100 RGS
100 SRDY=0.0D0 RGS
DO 101 J=1,NY RGS
DY(JI=EY(J)=-Y(J) . RGS
RDY{J)=DY(J)I/W(D) RGS
101 SRDY=SRDY+RDY(J)%*2 RGS
SRDY=DSQRT (SRDY/XNY) RGS

IF (SRDY) 103,102,103 RGS
102 SRDY=100-50 RGS
103 CONTINUE RGS
DO 104 J=1,NY RGS

104 U(J)=SROY*W({J) RGS
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IF (SWITCH-1) 107,105,107 RGS

105 WRITE (12,106) RGS
106 FORMAT (1H1,40X,'RESULTS OF WEIGHTED CURVE FITTING TECHNIQUE!') RGS
WRITE (I24115) RGS
GO TO 136 . RGS
107 CONTINUE RGS
IF (K1-1) 110,108,110 RGS
108 DO 109 J=1,4NY RGS
109 Uo(JI=uU(J) RGS
110 DO 111 J=1,NY RGS
111 RL(K1)}=RL(K1)+DLOG10O{U(J})-DLOG10O(LO(J)) RGS
IF (SWITCH) 112119.127 RGS
112 IF (SWITCH+1) 113,147,127 RGS
113 CONTINUE RGS
WRITE (1I2,114) RGS

114 FORMAT (1H145X,'NONCONSTANT VARIANCE REGRESSION ANALYSIS RESULTS?')RGS

WRITE (12,115) RGS
115 FORMAT (1HO3XBHVARIABLE4X10HOBSERVED 10X10HESTIMATED 10X10HDIFFERRGS
1ENCE10X,9HWE IGHT 11X ,9HRATIO 11X10HDEVIATION ) , RGS

IF (SWITCH-1) 116,136,116 RGS

116 DO 117 J=1,NY : RGS
117 WRITE (12,118) LABEL(J)sY(J)9EY(J)sDY(JI)yW(J)4ROY(J)ULI) RGS
118 FORMAT (1H 3X9A8,6(4X,E12.5,4X)) RGS
119 WRITE (12,120) RGS
120 FORMAT (1HO1S5X7HE(Y) = ) RGS
DO 123 I=1,4NX RGS

IF (A(I)) 122,121,121 RGS

121 SIGN(I)=PLUS . RGS
GO TO 123 RGS

122 SIGN{I)=BLNK RGS
123 CONTINUE RGS
SIGN(1)=BLNK RGS
WRITE 1125124) (SIGN(I)yA(IN,141=1,NX) RGS

124 FORMAT (1H+422X3(A19D22.15,2HX(91192H) ) /1HO922X3(A1+D22.1592HX(4IRGS

1192H) )}/1H0922X93(A194D22.1542HX{41192H) ) /501H0,422X93(A1,D22.1592HRGS
2X{41242H) )7 )) RGS
WRITE {12,4125) SRDY,RL(K1) RGS

125 FORMAT (1HO15X36HSTANDARD DEVIATION OF THE RATIOS 1S E12.5,5Xs 'LOGRGS
1ARITHM OF JOINT FREQUENCY FUNCTION RATIO = ',D12.5) RGS
WRITE (12,+126) NITER,ALPHA(K]) RGS

126 FORMAT (1H 15X, 'NUMBER OF ITERATIONS = 1,1445X,*VARIANCE PARAMETERRGS
1 = ',D12.5//) RGS

IF {(SWITCH+2) 127,152,128 RGS

127 CALL DUMP (40000, 120000,0) RGS
128 IF (K1-MNA) 43,129,129 RGS
129 CONTINUE _ RGS
IF (MNA) 130,157,130 RGS

130 IF (NA-2) 131,131,132 RGS
131 KM=MINJ(RL,NA) RGS
ALPHM=ALPHA {KM) RGS

GO TO 146 RGS

132 CONTINUE RGS
DO 135 K=14NA RGS

00 133 I=1,3 RGS
V(14K)=0.0D0 RGS

133 X1(I4K)=X{]I,4K) RGS
DO 134 1=2,3 RGS

134 X{I4K)=(ALPHA(K))*%x(]~-1) RGS
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135

X(1:,K)=1
Y1L(K)=Y(K)
Y(K)=FRL(RL{K))
W(K)=1

A(l)=1

A(2)=0

A(3)=0

MX=NX

MY=NY

NX=3

NY=NA

K1=NA+1
ALPHA(K1)=A2
ALPHM=ALPHA(MINJ(Y,NA))
ALPHM1 =ALPHM
NITER=0

SKIP=1

 NAL=NA

136
137
138

139

140
141

142
143

144
145
146

147

148

149

150

151

SWITCH=1.0

‘G0 TO S5

00 137 J=1,NY

WRITE (12,138) ALPHA(J)+Y(J)oEY(JI),DY(J)sW(I)HyRDY(J)U(J)

FORMAT (1H 4E12.5,6(3X,E12.5,5X))

WRITE (I2,139) (B(I),I=1,3)

RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS
RGS

FORMAT (1HO1S5X8HRATIO = E12.5,3H + E12.5,8HALPHA + E12.5,8HALPHA**RGS

12}

IF (B(3)-DELT1) 141,141,140
ALPHM=-=B(2)/(2%*B(3)})

WRITE (124126) NITER,ALPHA(KL)
WRITE (124142} ALPHM

FORMAT (1HO+15X, 'ESTIMATE OF VARIANCE PARAMETER ALPHA = '",E12.5)

CONTINUE

NX=MX

NY=MY

DO 145 K=1,NAl

DO 144 I=1,3
XEIoK)=X1(T,K)
Y{K)=Y1l(K)
K1l=NA+1
ALPHA (K1) =ALPHM
MNA=K1
SWITCH=-1.0

GO TO 44
FMIN=RL{1)

NMIN=1

DO 149 I=2,NA

IF (FMIN-RL(I)) 149,149,148
FMIN=RL (1)

NMIN=I

CONTINUE
NAR=NA+1 ~

IF (FMIN-RL(NAR)) 151,151,150
SWITCH=-2

GO TO 113
ALPHM=ALPHA (NMIN)
K1=NAR

ALPHA (KL)=ALPHM
SWITCH==2
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GO TO 44 RGS

152 CALL WRAPUP (NAJNY,NX,Y RLyEY,ALPHA Uy XeALyCoAyVsW,EPSLON,UO4PA,LARGS
1BEL4F4G) RGS
CALL CONFI (XyAsNXyNY 4V ,WySRDY,PA,YEYyLABEL,F¢G) RGS
NC=20 RGS

IF (NY/5-NC) 153,154,154 RGS

153 NC=NY/5 RGS
IF (NC-2) 155,155,154 RGS

154 CONTINUE RGS
CALL HISTO (RDY NY,NC,PA,NX) " RGS

155 CALL PLOT (NAgNY yNXsY RLIEYsALPHA Uy XyALl9CyAyV,W,EPSLON,UO +PALABERGS
1L 4F 4G) RGBS
WRITE (12,156) . RGS

156 FORMAT {1HO,'END OF EXECUTION') RGS
STOP O RGS

157 WRITE (12,158) RGS

158 FORMAT (1HOy5X,'CHECK INPUT DATA, INITIAL ESTIMATES OF COEFFIC IENTRGS

1Sy AND PARAMETERS OF WEIGHTING FUNCTION.'/1HOy'END OF EXECUTIDN®) RGS
c STop 1 - .. RGS
RGS

159 FORMAT (1H1///////7//51X,"UNITED STATES GEOLOGICAL SURVEY'/55X4 ‘COMRGS
1PUTER CENTER DIVISION®/////7/7/742Xy "NONCONSTANT VARIANCE REGRESSRGS
210N ANALYSIS PROGRAM'///58X4s'PROGRAM NO. WB251°'//54X,'DESIGNED ANDRGS
3 PROGRAMMED BY*!//55Xs *MARSHALL STRONG HELLMANN'//////7/7/77/75Xs *EQUIPRGS
4MENT IBM SYSTEM 360-65°/5X+*LANGUAGE FORTRAN-1IV H-LEVEL®*/5X,'RGS
S5DATE DECEMBER 18, 1968'/5X'REFERENCE PAMPHLET TITLED NONRGS
6-CONSTANT VARIANCE REGRESSION ANALYSIS ¢ BY MARSHALL STRONG HELLMARGS
INNy 1967, LIBRARY OF CONGRESS!'/17Xs*CATALOG CARD NUMBER 67-23725')RGS

END RGS

SUBROUT INE WRAPUP (NAJNYJNXsY4RLJEYsALPHAy Uy XyA19CyAsVWHEPSLON,UOWUP
1yPALLABEL 4F 4G) wWupP
DIMENSION A(10), Y(500), RL(20), EY(500)y ALPHA(20), UL500)y X{10,WUP
1500), UO(500)y C(10)y V(1D0,4500), W(500), IRL(20)y EYS(500), YS(S500WUP

2)y T1(500)y T(500), F{(500)y G(500)y LABEL{500) Wup
REAL IMAGE(2000) WuP
DOUBLE PRECISION Y, RL,JEY,ALPHA,UyXyAl9CyAsVyWsEPSLON,YBAR,YBARS yRLWUP

1YBAR,UDPRyPAZLABEL +F 4G wupP
12=6 . wup
WRITE (12,1) wupP

1 FORMAT (1H150X31HJOINT FREQUENCY FUNCTION RATIOS///) wuP
NA=NA+1 WUP
YBAR=0.0DO wup
DO 2 J=1,NY wup
2 YBAR=YBAR+Y(J) WuUP
YBAR=YBAR/NY . WupP
YBARS=0.0D0 wupP
DO 3 J=1,NY Wup
3 YBARS=YBARS+(Y(J)-YBAR)*%x2 WUP
YBARS=DSQRT (YBARS/NY) WuPp
IF (YBARS) 54445 WUP
4 RLYBAR=100 WP
IRLY=111111 WUP
GO TO 7 ' WuP
5 RLYBAR=0.0D0 Wup
DO 6 J=1,NY Wup
6 RLYBAR=RLYBAR+DLOG10(UO(J))-DLOG10{YBARS) wWUP
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10

11
12
13
14
15
16
17
18

19

20

21

22
23

25
26

27
28

29

RLYBAR=RLYBAR+RL {NA) wupP
IRLY=RLYBAR WUpP
RLYBAR=RLYBAR~-IRLY wWUPpP
RLYBAR=10%*RLYBAR WUP
CONTINUE wuP
DO 8 K=1,4NA Wup
IRL{K)=RL (K) Wup
RLIK)=10**(RL(K)~-IRL(K)) wWUP
WRITE (12,9) WupP
FORMAT (1HO47XSHRATIO13X18HVARIANCE PARAMETER/) wue
WRITE (I2510) (RLIK)ZIRL(K)JALPHA(K) K=14NA) wWuUpP
FORMAT (20(1H 45X yFT7e591HD,15,13X9E12.57)) WUpP
RETURN wWup
ENTRY PLOT(NAGJNY ¢JNX9YoyRLIEY L ALPHA U9X9ALlyCoAysV,W,EPSLON,UO,PA,LABEWUP
1LyF,4G) WU P
12=6 wup
PR=PA/2 WUP
XMAX=EY (1) WUpP
XMIN=EY (1) wWUP
YMIN=Y(1) WwWup
YMAX=Y{1) WUP
DO 19 J=1,NY WUpP
IF (XMAX-EY(J)) 11,12,12 WUPp
XMAX=EY{J) wWUP
IF (XMIN-EY(J)) 1l4,+14,13 WuP
XMIN=EY(J) wWup
IF (YMAX=-Y{J)) 15,16,16 wWuP
YMAX=Y(J) wWup
IF (YMIN-Y{J)}) 18,18,17 wWup
YMIN=Y{J) wup
CONT INUE WUP
EYS(J)=EY(J) WupP
YS{J)=Y(J) wuUP
CONT INUE wup
CALL PLOTL (1,450,1+83) wupP
CALL PLOT2 (IMAGE yXMAX 4XMIN,YMAX ,YMIN) wWup
NOF=NY-NX Wup
IF (NDF) 22,22,20 WUP
DO 21 J4=1,NY wWupP
T1(3)=F(J) Wup
T(J)=G{J) Wyp
CALL PLOT3 (1H.sEYS,T1,NY) wWup
CALL PLOT3 (1H.,EYS,T,NY) wup
CALL PLOT3 (1H*,EYS,YSyNY) WUP
IF (XMAX=YMAX) 24,23,23 Wup
XMA X=YMAX wup
IF (XMIN-YMIN) 25,25,26 Wup
XMIN=YMIN wWup
CONT INUE Wue
CALL PLOT3 (1HXsXMIN,XMIN,1) WUPp
CALL PLOT3 {(1HX,XMAXyXMAX,1) wup
WRITE (12,27} Wyp
FORMAT (1H1,45X,'GRAPH OF OBSERVED AND ESTIMATED VALUES OF Y!') wupP
WRITE (12,28) ALPHA(NA) WuUP
FORMAT (1HOS51X26HVARIANCE PARAMETER EQUALS E12.5) WUP
IF (NDF) 31,31,29 WUP
CONT INUE wup
IR=(1-PA)Y%100 wup
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30
31
32

33

W N -

WRITE (12+30) IR

WUP

FORMAT (1H 21X, 12HAPPROXIMATE ,129*% CONFIDENCE LIMITS FOR THE VARWUP

1IABLE Y ARE INDICATED BY PERJIODS ON THE GRAPH,')
CALL PLOT4 (30,30H OBSERVED VALUES)
WRITE (12432)

FORMAT (1H 58X, 'ESTIMATED VALUES'/)

WRITE (12,433)

FORMAT (42X, 'LINE JOINING TWO X''S REPRESENTS THE LINE OF MEANS')

CALL MAXMUM (XsYyAlsNXyNY,EYoCyA,y,VsW,EPSLON)
RETURN
END

FUNCTION XMAX (X yN)
DIMENSION X(1)
DOUBLE PRECISION X,XMAX
XMAX=X(1)

DO 3 I=1,N

IF (XMAX=X(I)}) 141,42
XMAX=X(T)

CONTINUE

CONT INUE

RETURN

END

FUNCTION XMIN (X¢N)
DIMENSIDN -X{1)
DOUBLE PRECISION X,XMIN
XMIN=X(1)

DO 3 I=1,4N

IF (XMIN-XI{I)) 2,1,1
XMIN=X{I)

CONT INUE

CONTINUE

RETURN

END

FUNCTION TNORM (A)

DOUBLE PRECISION C04C1,C2,DP4D1,4D29D3,4 Ty XPy TNORM, A
€C0=2.515517D0
C1=.8028530D0

C2=.010328D0
D1=1.432788D0
D2=.189269D0

D3=.001308D0

T=DLOG(1/ (A%*%*2))
T=DSOQRTI(T)
XP=CO+C1%*T+C2*T*%2
DP=D1*T+D2*T*%2+D3*T*%*3+1}
TNORM=T-XP/DP

RETURN

END
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FUNCTION MINJ (XyN)
DIMENSION X(1)
DOUBLE PRECISION X,Y
MINJS=1

Y=X{1}

DO 2 I=14N

IF (Y=X(I}) 2,1,1
Y=X(I)

MINJ=1

CONT INUE

RETURN

END

FUNCTION TDIST (AyN)

DOUBLE PRECISION TNORM,TDISTyAsX¢G1lyG2,G3,G4
X=TNORM(A)

Gl=(X**3+X)/4

G2=(5*X*%x5+]1 6%X*%x34+3%X) /96
G3=(3xX%%T7+]19%X*x5+17%X*%3~]15%xX) /384
Ga=(T9%X*%9+TTORX%XkT+1482%X%x%5-1920%X*%x3-945%X) /92160
TOIST=X+Gl/N+G2/(N*%2)+G3/(N*%3) +G4/ (N*%x4)

RETURN

END

SUBROUTINE CHISQ (N,A,C,D)

DOUBLE PRECISION XPyHyHV X ¢XNy TNORM.A,C,D
SWITCH=1

XP=TNORM(A)

XP=-XP

H=HV (N ¢ XP)

XN=N

X=XN%{1~2/(9%XN) +(XP-H)%(2/(9%XN) ) *%,5)%%3
IF (SWITCH-1) 3,2,3

C=X

SWITCH=0

GO TO 1

0=X

RETURN

END

FUNCTION HV (N,XP)}
DIMENSION X(15), H(15)
DOUBLE PRECISION XyHoXP4HO6O0,DELX yDELH HV, XN

MNJ
MNJ
MNJ
MNJ
MNJ
MNJ
MNJ
MNJ
MNJ
MNJ
MNJ
MNJ

TDS
T0S
TDS
TDS
T0S
TDS
TDS

T0S
TDS

CsQ
csQ
csQ
CSQ
Ccso
csQ
cso
CcsQ
csaQ
CsQ
csQ
CsQ
csQ
csQ
csa

HV
HV
HV

DATA H/-.0118D0y=40067D0y~+0033D0y~.0010D0y+.0001D0 ¢+ .000600,+,000HV
16D04+.0002D04~«0003D0¢~+0006D0y -, 0005004 +.0002D0,+.0017D0 4+.0043DOHY

2+,+.008200/

HvV

DATA X/-3.5D0,-3.0004-2.5004=2.000,4-1.5D04-1.0009y=0.5D05+0.0D0,+0.HV

15D004++1.0009+1.50094+2.000++2,5004+3.000,4+3,.5D0/
XN=N

IF (XP=X{1)) 2,2,1

IF (XP=-X(15}) 343,44

H60=H(1)

GO 70 7

H60=H(15)

GO 710 7

DO 5 I=2,415
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10
11

12
13

14

15

IF (XP=X(1)) 646,5
CONT INUE
DELX=(XP~X(]1))%2
DELH=H(I)-H(TI~-1)
H60=H(]I)+DELH*DELX
HV=60%*H60/ XN
RETURN

END

SUBROUTINE MAXMUM (XY sA14NXyNY,EY+CyAyVeW,EPSLON)
DIMENSION X{10,500), Y{500)}, B(10), D(10,10)y EY(500), W(500)
DIMENSION A(10), C{10), U{500), V(10,500)

HV
HV
HV
HV
HV
HV
HV

HV

_ MAX
MAX

MAX

DOUBLE PRECISION E+EPSLON,W XY 4CyDyEY4U ,VsAl,F2DEYF,B+EYF,DEYF,DMAX

1ETsDET2,T(10),A

NSD=15

12=6

WRITE (12,1)

FORMAT (1H148X, *ANALYSIS OF REGRESSION COEFFICIENTS'///)
DO 2 J=1,NY

WIJ)I=EYF{XsAsAly JyNX,yNY)
CONTINUE

DO 3 I=1,NX

DO 3 J=1,NY
VIIsJ)=DEYF(XsAsAl9gJs I sNXsNY)
CONT INUE

DD 4 K=1,.NX

C(X)=0.0D0

DO 4 J=1,NY

CUKI=CUKI+Y (JIRX (Ko J) /W(JIRE24(Y(II=EY(J)IRV(K,JIXY(I) /W (J)*%3
DO 11 K=1,4NX

B(K)=0

T(K)=0

IF (CUK)) 54646

B(K)=-C(K)

GO 70 7

T(K)==-C(K)

CONT INUE

DO 11 I=1,4NX

D{1+K)=0.,0D0

DO 8 J=1,NY
DITgKI=DIIKI+X{T o)X (X(KyJIEW(IIH(YII)=EY{I)IEVIKeI) )/ (WD) )%%3
IF (A(1)*D(I,K)) 10,9,9
B(K)=B(K)+A(1)*D(1,K)

GO T0 11

TIK)=T(K)+A(I)*D(I,K)

CONTINUE

DO 12 K=1,NX

T(K)==T(K)
NSD=MIN(NSD,LISD(T(K)yB(K)s15))
IF (NSD) 13,413,15

WRITE (12414)

MAX
MNAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MA X
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX

FORMAT (1HO,'COEFFICIENTS ARE NOT A CRITICAL POINT OF THE LOG OF TMAX

1HE LIKELIHOOD FUNCTION.')
GO T0 17

CONT INUE

WRITE (12416) NSD

MAX
MAX
MAX
MAX

16 FORMAT (1HO48HCOEFFICIENTS ARE A SIMULTANEOUS SOLUTION OF THE ,'PAMAX
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17

18
19
20

21
22
23
24
25
26

27
28

29

30
31

32

33

34

35

1RTIAL DERIVATIVE EQUATIONS OF THF LOG OF THE LIKEL IHOOD FUNCTION TMAX

20%/1H ,12,* SIGNIFICANT DIGITS.')
CONT INUE

CALL WORK (C4D¢NX,IER,DET)

IF (IER-NX) 18,20,20

WRITE (I2419)

FORMAT (1HO,'POSSIBLE LOSS IN NUMBER OF SIGNIFICANT DIGITS*)
DO 25 K=1,NX

E=DABS(A(K)-C(K))

DET=DABS(A(K))

IF (DABS(A(K))-DABS{CI(K))) 21,21,22
DET=DABS(C(K))

IF (E-EPSLON*DET) 25,25,23

WRITE (12,24) h

FORMAT (1HO,"COEFFICIENTS ARE NOT WITHIN TOLERANCE SPECIFIED.')

GO TO 27

CONTINUE

WRITE (12,26)

FORMAT (1HO,'COEFFICIENTS ARE WITHIN TOLERANCE SPECIFIED.')
WRITE (I2,28) :

MAX
MAX

‘MAX

MAX
MAX
MAX
MA X
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MA X

FORMAT (1HO31XS1HSECOND ORDER PARTIAL DERIVATIVES OF THE LOG OF THMAX

1E »20HLIKEL IHOOD FUNCTION )

DO 29 I=1,NX

D0 29 K=1oNX
DUIyK)=F2DEYF(YsEY A AL oNX X oI sK,yNY)
DO 30 I=1,NX

WRITE (12+31) (D(1,K)sK=1,NX)

FORMAT (1H0,6D22.15/71X,6D22.15)
WRITE (12,32) )

Ma X
MAX
MA X
MAX
MAX
MAX
MAX
MAX

FORMAT (1HO,'COEFFICIENTS ARE A RELATIVE MAXIMUM WITHIN TOLERANCE MAX
1SPECIFIED IF ALL OF THE EIGEN VALUES OF THE ABOVE MATRIX ARE NEGATMAX
2IVE AND IF*/1H ,'THE COEFFICIENTS ARE A SIMULTANEQUS SOLUTION OF TMAX
3HE PARTIAL DERIVATIVE EQUATIONS OF THE LOG OF THE L IKELIHOOD FUNCTMAX

4I0ON.')

M=1

DO 33 I=1,NX

M=M+1-1

DO 33 K=1l,1

J=M+K~-1

W(J)=D(I,K)

NSD=0

CALL WORK ({C,D,yNX,IER,DET)
WRITE (12,34) DEY

FORMAT (1HO34HDETERMINANT OF THE ABOVE MATRIX = E22.15)
IF (DET) 37,35,37

WRITE (12,36}

MA X
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX

36 FORMAT (1HO10X51HHIGHER ORDER DERIVATIVES WOULD HAVE TO BE ANALYZEMAX
10 ,58HT0O DETERMINE IF THESE COEFFICIENTS ARE A RELATIVE MAXIMUM.} MAX

37

38

39

GO TO 47

CALL EIGEN (W,U,EYsNX,NSD)
J=0

DO 38 I=1,NX

J=Jd+1

B(I)=W(J} -

DET2=1.0D0

DO 39 I=1,NX
DET2=DET2%B (1)

WRITE (12,40) DET2
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40 FORMAT (1HO,35HPRODUCT OF COMPUTED EIGEN VALUES = D22.15) MAX
WRITE (I2441) NSD
41 FORMAT (1HO67HMINIMUM NUMBER OF SIGNIFICANT DIGITS FOR EIGEN VALUEMAX

1S OR VECTORS = [2) MAX
DD 42 M=1,NX MAX

42 WRITE (12443) M,B(M) MAX
" 43 FORMAT (1HO14HEIGEN VALUE # 12,2X,2H= ,E22.15) MAX
IF (NSD) 44,45,47 MAX

44 CALL DUMP (40000, 120000,0) : MAX
45 WRITE (12,46) ‘ MAX
46 FORMAT (1HO,53HCOMPUTED EIGEN VALUES OR VECTORS MAY NOT BE RELIABLMAX
1€.) MAX
47 RETURN - © MAX
END : MAX
SUBROUTINE CONFI (XyAsNXyNY VoW, SRDY s PA,Y sEY,LABEL ¢F+G) CNF

DIMENSION C(10410), D{(10,10), S{10}, V(10,500), X{10,500)s A(10}, CNF

1W(500), Y(500)}, EY(500), BL(10), SX(10), XM{10), E(10,10}, H{10)}e¢ CNF'

2F(500)y B(10), LABEL(500), G{500) CNF
DOUBLE PRECISION T,C,DyS,SRDY,DET, PA,PR.TDISY,CI,CZ,H,V,X,AngEY'HCNF
19EYMySEYMyF 9B o XNNX g XNYX 9 LABEL yG9E9 SX 9 XM CNF
DATA BL/10** '/ : CNF
I12=6 Lo CNF

DO 1 K=1,NX CNF
S{K)=0 CNF

DO .1 J=1,NY CNF

1 S(K)I=SIKI+Y(JI*X(KeJ) /W{IIXX2+ (Y (S =EY(J)IEVIKyJIFY(II/HLJ)%%3 CNF
DO 2 I=1,NX CNF

DO 2 K=1,NX CNF
D(I,K)=0.0D0 CNF

DO 2 J=14NY CNF

2 DUT4KI=D(IJKI+X{I o) * (X Ky JIEW(I)H+(YIJII-EY(I))IXV(Ked))/(W(J))*%3 CNF
WRITE (12,3) CNF

3 FORMAT (1H1 ¢49X,'COEFFICIENT EQUATIONS AND SOLUTIONS?®) CNF
WRITE (I2,4) CNF

4 FORMAT (1HO,57X,'COEFFICIENT MATRIX'/) CNF
WRITE (12+5) (BL{I)9sI,1=1,NX) CNF

5 FORMAT {1HOs6(A144X, "DI(Ky'T1s*) ', 11X)/1H+533(A1510Xs"/D(K,y"I1,")*,4CNF
1X)9A1,10X /DKy "124%)',43X) CNF
DO 6 K=14NX CNF

6 WRITE (1247)(D(I,K),I=14NX) ’ CNF
7 FORMAT (1HO0,6D22.15/1H ,6D22.15) CNF
WRITE (12,8) CNF

8 FORMAT (1HO,54X,'VECTOR OF CONSTANT TERMS'/) CNF
DO 9 K=1,NX CNF

9 WRITE (I2410) K,S(K) . CNF
10 FORMAT (1H 447X, *EQUATION '12,5X,D22.15) . CNF
DO 11 I=1,NX CNF
DO 11 K=1,NX CNF

11 E{I.K)=D(I,K) CNF
CALL WORK {S,E,NX,IER,DET) CNF

IF (IER) 13,12,12 CNF

12 IF (IER-NX) 15,17,17 CNF
13 WRITE (12,14) CNF
14 FORMAT (1H15X,'COEFFICIENT MATRIX IS SINGULAR?') CNF
GO0 TO 17 CNF

15 WRITE (12,16) CNF
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16 FORMAT (1H15X,*POSSIBLE LOSS IN NUMBER OF SIGNIFICANT FIGURES.?) CNF 43
17 CONTINUE CNF 44
CALL DINV (C+DyNX,IER4DET4NSD) CNF 45
WRITE (12,18) CNF 46

18 FORMAT (//1H1,51X,*'INVERSE OF COEFFICIENT MATRIX') CNF 47
WRITE (I2419) (BLII)ysIsI=1,NX} CNF 48

19 FORMAT (lHO96(A1,4Xy "D *(Ky®I19°)*y10X)/1H+y3(Als11X,"/D**(Ky*I1,*CNF 49
1) 92X ) 9ALls11X* /D" (Ky'I2,%)",1X) CNF 50
D0 20 K=1,NX CNF 51

20 WRITE (12,7)(C(I+K)ysI=14NX) CNF 52
. WRITE (I2421) NSD CNF 53
21 FORMAT (1HO'MINIMUM NUMBER OF SIGNIFICANT DIGITS FOR INVERSE = ', ICNF 54
12) CNF 55
WRITE (12,22) CNF 56

22 FORMAT (//58X,'COEFFICIENT CHECK®'/) CNF 57
D0 23 K=1,NX CNF 58

23 WRITE (12424) (KeS(K)K=1,NX]) CNF 59
24 FORMAT (1H ,51X,'A('[2,%) = *,D22.15) CNF 60
NNX=NY-NX CNF 61
XNNX=NN X CNF 62
XNYX=NY/ XNNX CNF 63

DO 26 I=1,NX CNF 64
XM{1)=0.0D0 CNF 65

DO 25 J=1,NY CNF 66

25 XMUI)=XM(I)+X(I,J) CNF 67
26 XM(I)=XM(I)/NY - CNF 68
DO 29 I=1,NX CNF 69
SX(I1)=0.0D0 CNF 70

DO 27 J=1,NY CNF T1

27 SXEI)=SXUID+(X{T,J)-XM(I))*%2 . CNF 72
IF (SX(I)) 29,28,29 CNF 73

28 SX(I)=NY CNF T4
29 SX(I)=DSQRTI(SX{I)/NY) CNF 75
DO 30 I=1,NX CNF 76

DO 30 K=1,NX CNF 77
D{I+K}=0.0D0 CNF 78

DO 30 J=1,NY CNF 79

30 DIIoKI=DIIoKIH(XITpI)=XMII))I%®(X(KyI)=XM{K)})/C(SX(I)ESX{KIENY) CNF 80
WRITE (12,31) CNF 81

31 FORMAT (1H1,47X, 'LINEAR RELATIONSHIPS BETWEEN VARIABLES'///39X,*ARCNF 82
1ITHMETICAL CORRELATION MATRIX FOR INDEPENDENTY VARIABLES') CNF 83
WRITE (12,32) (BL(I)yI,sI=1,4NX) CNF 84

32 FORMAT (1HO,10X,9(AL193X s "X(%,11,%)%,4X)pALls3Xy?X(%,12,%)°) CNF 85
DO 33 K=1,NX CNF 86

33 WRITE (12,341 (K,(D(I,K),I=1,4NX)) CNF 87
34 FORMAT (1HO,S5X,'X(',12,4%)',10G612.5) CNF 88
EYM=0 CNF 89

DO 35 J=1,NY CNF 90

35 EYM=EYM+EY(J) CNF 91
EYM=EYM/NY CNF 92
SEYM=0 CNF 93

DO 36 J=ml,NY : CNF 94

36 SEYM=SEYM+{EY(J)-EYM)*%2 CNF 95
IF (SEYM) 44,444,37 -~ CNF 96

37 SEYM=DSQRT(SEYM/NY) CNF 97
DO 40 I=1,NX CNF 98
H(I1)=0 CNF 99

IF (SXx(1)) 40,40,38 CNF 100

-93-



35
39

40

41

42
43
44

45

46

47

48
49

50

51

52
53

54

55

56

DO 39 J=1,NY
HUI)=HUTL ) +(EY(J)—EYM) % (X (T4J)=XM{T))

HUET)=HIT )}/ (NY®SX{I)}*SEYM)
CONT INUE

WRITE (12441)

ChE
CoF
Cnr
CHF
CoHF

FORMAT (1HO, 22Xy *ARITHMETICAL CORRELATION BETWEEN THE ESTIMATED VCoF

1ALUES AND THE INDEPENDENT VARIABLES'/)

DD 42 I=1,NX

WRITE (12443) 1.,H(I1)

FORMAT (1HO56Xs'X(*412,%)%93X,G12.5)
DD 45 1=1,NX

DD 45 J=1,NY
VIId)=X{1,J)/W(J)

DO 46 I=1,NX

DO 46 K=1,NX

D(14X)=0

DD 46 J=1,NY
D(IsKI=DII4K)+V(I,J)RVIKyJ)
CALL DINV {Cy¢DyNXsIERyDETyNSD)
WRITE (12+47)

Car
Cwr
Cw
CAF
CsF
Cw
Cwr
CsF
CWF
CoF
CW
Cw
CW
CWF

FORMAT (1H1956X,'C0NFIDENCE INTERVALS'//32Xy *COVARIANCE MATRIX VUICW

1,K) TO BE USED FOR COMPUTING CONFIDENCE INTERVALS?Y)

DD 48 I=14NX

WRITE (12949) (C(1+K)yK=14NX)
FORMAT (1HO0,412X,10D12.5)
I1P={1-PA)*100

WRITE (12,50) IP

CW
CW
Cw
CW
CW
CW

FORMAT (///35Xs*APPROXIMATE *5124°'3 CONFIDENCE INTERVALS FDR REGRECW

1SSION COEFFICIENTS®//50X,*COEFFICIENT'98X,*CONFIDENCE INTERVAL?®)

DD 51 I=14NX
S(I)=SROY*DSQRT(C (I,1)*XNYX)
PR=PA/2

T=TOIST(PRyNNX)

DD 52 1=1,NX

Cl=A(I)-T*S(1)
C2=A(1)+T7%S(1)

WRITE (12453) 14C1,C2

FORMAT (1HO 52X *A{ %912, 7)1 yTXs'{*9E12.59%y74EL12.5,4")°%)

DO 55 J=1,NY

D0 54 K=1,NX

B{K)=0

DD 54 I=1,4NX
BIKI=BIKI+V(I4J)*C(TIsK)
F(J)=0

DO 55 K=1,4NX
FUI)=F(J)+B(K)%V(KyJ)
WRITE (12+56) 1P

FORMAT (1H1,34Xy *APPROXIMATE 'y12,'% CONFIDENCE INTERVALS FOR THE
1EXPECTED VALUE DF Y')

WRITE (12,57)

N
CW
CWF
CwW
CW
CW
W
CW\
Cw\
CN
CWN
CW
N
CN
CN
CWF
(o, o
CN
CN
CN-
CN
v

57 FORMAT (1HO30X,'VARIABLE'y10X,'LOWER LIMIT',11X,"ESTIMATED'y13X, UCN-

58
59

1PPER LIMIT?)

DO 58 J=1,NY
G(J)}=DSQRT(F{J)=XNYX)*SROY*T*W(J)
Cl=EY(J)-G(J)

C2=EY(J)+G(J)

WRITE (12+59) LABEL(J),ClsEY(J)sC2
FORMAT (1H 30X,A8,10X,3(D12.5,10X})
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60

WRITE (12460) IP

CNF

FORMAT (1H139X, 'APPROXIMATE ',12,'3 CONFIDENCE INTERVALS FOR THE VCNF

1ARIABLE Y')
WRITE (12,61)

CNF
CNF

61 FORMAT (1HO30X,'VARIABLE',10X,'LOWER LIMIT®!,11X,'0OBSERVED®14X, "UPPCNF

62

1

2 FORMAT {(1HO//1HO®THE FUNCTION F(EY) IS LESS THAN 1,0E-10 FOR THE

LER LIMIT")
DO 62 J=1,NY

F(J)=DSQRT({F(J)+1)*XNYX )I*SRDY*T*W(J)

Cl=EY(J)-=-F(J)

C2=EY(J)+F (J)

FlJ)=C1

G(J1=C2

WRITE (12,59) LABEL(J),ClsY(J),C2
RETURN

END

FUNCTION F2DEYF (Y, EYsAsAL,NXoXsI9KyNY)

DIMENSION X€10,500), A{10), Y(500),

DOUBLE PRECISION EYF,DEYF,DDEYF

DOUBLE PRECISION RySsTeUysVeWsXeYrArFyALsEY,F2DEYF

F2DEYF=0,0D00

DO 4 J=1,NY
R=EYF({XsAsAly,JoNXsNY])
S=DEYF(XoAsAYyJdyIsNX,NY])
T=DEYF (X 'AQAIQJQK'NX 'NY)
U=DDEYF (X sAsAlsJsIsKsNXsNY)
F=Y(J)-EY(J)

2=1,0E-10

IF (R-=Z) 1,1,3

WRITE (6,42) J

1,I34'TH OBSERVATION.'])
R=1.0E-10

3 W=(=X{KyJ)*R-3%T%F )/ (R%**4)

V=X{1sJ)*R+F*S

W=W3V
V=X(19Jd)5T=X(KyJ)%S+F%xY
V=V*F/ (R%%3)

4 F2DEYF=F2DEYF+W+V

RETURN
END

SUBROUTINE PRPLOT

IMPLICIT LOGICAL*1(W),LOGICAL#*1(K)
DIMENSION ABNOS(26)s X{1)s Y(1)
LOGICAL*1 IMAGE(1),CH,LABEL(1)
LOGICAL#*1 VC,HC,NC,BL

DATA HC/*='/4NC/%+*/,8L/Y '/
DATA VC/Z4F/413/6/

ENTRY PLOT1 (NHL yNSBHsNVL,NSBV)
NH=TABS (NHL)

NSH=TABS(NSBH}

NV=IABS(NVL)

NSV=1ABS (NSBV)

NVM=NV-1

NVP=NV+1

-05~
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13

NDH=NH*NSH

NDHP=NDH+1

NDV=NV¥NSY

NOVP=NDV+1

NIMG= (NDHPXNDVP)

RETURN

ENTRY PLOTZ2(IMAGE ¢ XMAX s XMIN,YMAX s YMIN)
YMX=YMAX
DH={YMAX-YMIN) /FLOAT (NDH)
DV=ABS (XMAX=XMIN)}/FLOAT(NDV)

DO 1 I=1,NVP
ABNOSH{I)=(XMIN+FLOAT({I-1)%NSV)%DV)
DO 2 I=1,NIMG

IMAGE(1)=BL

DO 6 1=1,NDOHP

12=1*NDVP

I1=12-NDV
KNHOR=MOD{I-1,NSH} .NE.O

IF (KNHOR) GO 70 4

DO 3 JU=1l,12

IMAGE(J)=HC

CONT INUE

D0 6 J=11,129NSV

IF (KNHOR) GO TO 5

IMAGE (J)=NC

GO TO 6

IMAGE(J)=VC

CONT INUE

XMINl=XMIN~DV/2.
YMIN1=YMIN-DH/2.

RETURN

ENTRY PLOT3(CHyX9YyN3)

DO 13 I=1,N3

IF (DV) 7,+8,7
DUM1=(X(1)=-XMIN1) 7DV

GO TO 9

DUM1=0

1F (DH) 10,111,110
DUM2=(Y(I)~YMIN1) /DH

GO T0 12

DUM2=0

CONT INUE

IF (DUM1.LT+0e.0R.DUM2.LT.0.) GO TD 13
IF (DUM]1.GE.NDVP.OR.DUM2.GE.NDHP) GO TO 13
NX=1+INT(DUM1)

NY=1+INT(DUM2)

J= {NDHP=NY ) %=NDVP+NX

IMAGE(J)=CH

CONTINUE

RETURN

ENTRY PLOT4(NL,LABEL)

DO 17 I=1,NDHP

WL=BL

IF (IJLE.NL) WL=LABEL(1)
12=1*NDVP

I11=12-NDV

IF (MOD(I-1,NSH).EQ.O0) GO TO 15
WRITE (I3,14)WL,y{IMAGE(J)yJ=11,12)
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14

15

FORMAT (18XyA1l412Xs101A1)
GO T0 17
CONTINUE
ORDNO=(YMX-FLOAT(I-1)*DH)

IF (I1.EQ.NDHP) ORDNO=YMIN

WRITE (I3416)WL,ORDNOy (IMAGE(J)4Jd=11,12)

16
17

18

FORMAT (18X3A1,+G12.5+101A1)

CONT INUE

WRITE (13,18)(ABNOS(J)sd=1,NVP)
FORMAT (1HO0924X3G12.5471X+6G12.5)
RETURN

END

FUNCTION FEYF (XsAsAlyJsNXyALPHM)
DIMENSION X(10,500), A(10Q)

DOUBLE PRECISION XyAsFEYFysZ,Al,ALPHM
2=1.0D-6

FEYF=100%{X{2yJ)-ALPHM)
FEYF=(FEYF*®%2+7 }*%*Al

RETURN

END

SUBROUTINE HISTO (X,N,MsPA,NX)

DIMENSION X(1), B(3), ILINE(101), FREQ(52), PCT(52)
DOUBLE PRECISION XDEL XMEAN ,XSKWsXVAR »XKRTy Xy XMIN 9 XMAX oS
DOUBLE PRECISION TNORM,Z,T,TDIST,PR,CHIL,CHIU,B,FREQ
DOUBLE PRECISION DEL,CHI2yXNMyXMyCLyC2,SU,PA

DATA IB/Y V/,IX/'X'/+1BAR/Z4F404040/

12=6

BIL)=XMIN(X,N)

B(2)=M

B(3)=XMAX(X,N)

DO 1 I=1,M

PCT(I)=0

DEL=(B(3)-B(1))}/M

IF (DEL) 44,4442

FREQ(1)=B(1)+DEL

WRITE (12,3)

FORMAT (1H148X37HSTATISTICS FOR DISTRIBUTION OF RATIOS)
FREQ(1)=8(1)+DEL :
DO 4 J=2,M

FREQ(J)=FREQ(J-1)+DEL

FREQ(M)=8(3)

00 6 J=1,N

DO 5 I=1,M

IF (X(J)=FREQ(I)) 66,5

CONT INUE

PCT(I)=PCT(I)+1

DO 7 T=1,M

PCT(I)=PCT(I)*100./N

XMEAN=0

XVAR=0.0D0

XSKW=0.000

XKRT=0.0D0

DO 8 J=1,N

XMEAN=XMEAN+X (J)
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XMEAN=XMEAN/N HSTY

DO 9 J=1,N HST
XDEL=X(J) HST
XVAR=XVAR+XDEL ¥%2 HST
XSKW=XSKW+XDEL*%3 HST

9 XKRT=XKRT+XDEL*%4 HMST
XVAR=XVAR/N HST
XSKW=XSKW/N , HST
XKRT=XKRT/N - HST
S=DSQRT (XVAR) : . HST
WRITE (12,10) M HST

10 FORMAYT (1HO,*HISTOGRAM OF PERCENT FREQUENCY FOR ',13. CLASSES'/) HST
WRITE (12,11) : HST

11 FORMAT (1H 102Xy 19HINTERVAL BouwnAnIEs.sx.bnz FREQ) : - HST
T=B(1) R HSTY
DO 12 J=1,1oo , . g HST
ILINE(J)=1B HST 52

12 CONTINUE ) HST 53
IK=PCT(I)+0.5 : HST S4 -
IK=1K+1 ' ‘HST 55 =
DO 13 J=1,IK , HST S6
ILINE(J)=IX . ‘ ! HST 57

13 CONTINUE HST 58
ILINE(1)=IBAR . HST 59
IF (1.EQe.1) GO 7O 14 HST 60
T=FREQ(I~1) HST 61

14 WRITE (12,15) ((ILINE(K)yK=14100),ToFREQ(I)4PCT(I)) HST 62

15 FORMAT (1H ,100A1,E10.34' TO 'yE10.3,F8.2) HST 63

16 CONTINUE HST 64
WRITE (I12,17) HST 65

17 FORMAT (1HO»43X,?SAMPLE STATISTICS OF RATIOS COMPUTED ABOUT ZERO')HST 66
IF (S) 19918,19 HST &7

18 XSKW=0 HST 68
XKRT=0 HST 69
GO TO 20 ' , HST 70

19 XSKW=XSKW/S**3 ! HST 71
XKRT=XKRT/XVAR%%2 ; HST 72

20 CONTINUE f HST 73
WRITE (I2,21) XMEAN,XVAR X SKW4XKRT HST 74

21 FORMAT (1HO,5Xy *SAMPLE MEAN = '4E12,5,5Xy "SAMPLE VARIANCE = '",E12.HST 75
1595Xy ISKEWNESS = ',E12.545Xy*KURTOSIS = ',E12.5) HST 76
XM=.5D0 HST 77
XNM=DFLOAT(N) /M HST 78
Ml=M=-1 HST 79
T=0 HST 80
DO 25 I=1,M1 HST 81
T=DFLOAT(I)/M HST 82
IF (T=XM) 23,24,22 HST 83

22 1=1-7 HST 84
FREQ(I)=S*TNORM(Z) HST 85
GO TO 25 : HST 86

23 FREQ(I)==S*TNORMI(T) HST 87
GO TO 25 . HST 88

24 FREQ(I)=0 HST 89

25 CONTINUE HST 90
DO 26 I=1,M HST 91

26 PCT(1)=0 : HST 92
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DO 28 J=1,4N

HST

DO 27 I=1.,M HST

IF (X(J)-FREQ(I)) 28,28,27 HST

27 CONTINUE HST
28 PCT(I)=PCT(I)+1 HST
CHIZ2=0 3 HST

D0 29 I=1.M HST

29 CHIZ2=CHI2+(PCT(I)~XNM)**x2 HST
CHI2=CHI2/XNM HST
N1=M1l-1 HST
.CALL CHISQ (N14PA,CHIL,CHIV) HST
CHIL=0 HST
IP=(1-PA)*100 HST
WRITE (12,30) HST

30 FORMAT (//44X,*TEST FOR GOODNESS OF FIT TO NORMAL DISTRIBUTION'®*) HST
WRITE (12,31) HST

31 FORMAT (1HO0,49X,BHINTERVAL,13X,8HOBSERVED,7Xs8HEXPECTED) HST
WRITE (12,432) FREQ(1)+PCT(1)4XNM HST

32 FORMAT (1H ,39Xy16H— INFINITY TO 9E12.595X4F6e299X3Fb6.2) HST
IF (M=2) 36,436,333 HST

33 DO 34 I=2,M1 HST
34 WRITE (12435) (FREQ(I-1)oFREQ(I)4PCT(I),yXNM) HST
35 FORMAT (1H 339X yE12.594H TO ,E12.545X9F6.299XsF6.2) HST
36 WRITE (12,37) FREQ(ML1),PCT(M),XNM HST
37 FORMAT (1H ,439X4E12.5+14H TO + INFINITY,7X4F6e2¢9X9F6.2) HST
WRITE (12,38) IP,CHIL,CHIU HST

38 FORMAT (1H029X,12,54HZ CONFIDENCE INTERVAL FOR TESTING GOODNESS OFHST
1 FIT IS (4F3el91lHy1EL12.541H)) HST
WRITE (12,439) CHI2 HST

39 FORMAT (1H 38X,43HCHI SQUARE VALUE FOR SAMPLE DISTRIBUTION = EL2.5HST
1) HST
N1=N HST
SU=S/SQRT(FLOAT(N1)) HST
PR=PA/2 HST
C1=SU*TDIST{(PRyN1)} HST
C2=-C1 HST
WRITE (12,40) IP,C2,C1 HST

40 FORMAT (1HO31X,12,42HZ CONFIDENCE INTERVAL FOR SAMPLE MEAN IS (,E1HST
12.591H99E12.551H)) HST
CALL CHISQ (N1,PR,C1,C2) . HST

IF (C1l) 41,42,41 HST

41 Cl=XVAR/C1 HST
C2=XVAR/C2 HST

42 C1=DSQRT(Cl) HST
C2=DSQRT(C2]} HST
WRITE (12,43) IP.C2,Cl - HST
43 FORMAT (1H 28X,12+49H% CONFIDENCE INTERVAL FOR STANDARU DEVIATION HST
LIS (+E12.541Hy3E12.5,41H)) . HST
44 RETURN_ < HST
END © HST
FUNCTION FRL (RL) FRL
DOUBLE PRECISION FRL,,RL FRL
FRL=RL FRL
RETURN FRL
END FRL
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SUBROUT INE EIGEN (AyRyByN,NSD)
DIMENSION A{(1}y R{1)y B(1)

EIG
EIG

DOUBLE PRECISION AyR,ANORMyANRMX ¢ THRy Xy Y9 SINX, SINX2,CO0SX,C0SX2,SINEIG

1CSsRANGE 4B oyWoW14Z,40Q
MSDR=15

MSD=15 »

MV=NSD ¥

RANGE=1.0D~-14
NX2=N%({N+11}/2

DO 1 I=1,NX2

B(I)=A(1) : ‘
1Q=-N v

DO & J=1,N

1Q=1Q+N

DD 4 l=1,N

I1J=10+1

R(1J)=0.0D0

IF (I-J) 4,3,4 .
R{14)=1.0D0

CONT INUE

ANORM=0,0D0

DO 7 1I=1,N

DO 7 J=1,4N

IF (I"J) 6,796
IA=1+(J%J=-J})/2
ANORM=ANORM+A(TA)*A(IA)
CONTINUE

IF (ANORM) 33,33,8
ANORM=DSQRT (2*ANORM)
ANRMX=ANORM*RANGE /DFLOAT (N)
IND=0

THR=ANORM
THR=THR/DFLOAT(N)

L=1

M=L+1

MQ=(M*M-M)/2
LQ=(L%xL~-L)/2

LM=L+MQ

IF (DABS(A(LM))}~-THR) 26,13,13
IND=1

LL=L+LQ

MM=M+MQ

Z=A(LL)

0=A(MM)

X=(Z-Q)/2
==A(LM)/DSQRT(A(LM)*A(LM)+X*X)
IF (X) 14415415

Y=-Y
SINX=Y/DSQRT (2% (1+(DSQRT(1-Y*Y))})
SINX2=SINX*SINX ’

C0SX2=1-SINX2
COSX=DSQRT (COSX2)
SINCS=SINX*COSX
ILQ=N*(L-1)

IMO=N=*(M-1)

DO 25 I=1,4N
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16
17

18
19
20

21
<22

23
24

I1Q=({1I%*I-1)/2

IF (I-L) 16,23,16
IF (I-M) 17,23,18
IM=I+MQ

GO TO 19

IM=M+IQ

IF (I-L) 20,21,21
IL=1I+LQ

GO 70 22

IL=L+1Q
X=A{IL)}*COSX
W=A(IM)*SINX
Y=A(IL)*SINX
Wl=—=A(IM)%COSX
A(IM)=Y=-W1
A(IL)=X-W

IF (MV-1) 24,25,24
ILR=ILQ+I
IMR=IMQ+1

- Z=R(ILR}*CASX

25

26
27

28
29

30
31

32

33

34

Q=R {IMR)*SINX

X=Z-Q

Z=R(ILR)*SINX
Q=-R{IMR)}*COSX
R(UIMR)=Z-Q

ROILR)=X

CONTINUE
X=2%A(LM)%*SINCS
Z=A(LL)*COSX2
Q=-A (MM )*S INX2

Y=7-Q

I=A(LL)*SINX2
Q=~A(MM)*COS X2

W=2-Q.

Wl=-W

AlLM)=0

AlLL)=Y=X

A{MM)=W+X

IF (M-=N) 27,28,27
M=M+1

GO TO 12

IF (L=(N-1)) 29,30,29
L=L+1

6O 70 11

IF (IND-1) 32,31,32-
IND=0 '

GO TO 10 ' -
IF (THR-ANRMX) 33,33,9

1Q==N. :

DO 37 F=1,N
10=10+N

LL=I+{I*I-1)/2

JQ=N=*{[-2)

DO 37 J=I¢N

JA=JQ+N

MM=J+(J*J=-d})/2

IF (A(LL)-A(MM)) 34,37,37
X=A(LL)
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35

36
37

38

- DD 45 712=14N .
,raWsAllz*t!2+1)/2):
TT1=NR(12~1) 0

AlLL)=A(MM)

A{MM) =X

IF (Mv-1) 35'37’35
DD 36 K=1,N
ILR=IQ+K

IMR=JQ+K

X=R(ILR)
R(ILR)SR(IMR)
ROIMR)=X"

CONTINUE s
. IF (MV=1) 38,43.38 .y

CONT INUE -

. .DD 43 L=19N

39
40

41
42

43

X=0

DD 42 M=1,N
IF (M-L) 39,40440

I=L%*(L-11/2+M
G0 TO 41 :
1=M%(M-1)/24L
K=114M
X=X+B (I )*R (K)
Z=Y*R(T1+L)
NSD=LISD(X,Z,15)
MSD=MIN (NSD,MSD}

. MSDR=MIN{MSD4MSDR)

44
45
46

K1=12%{12+1)/2+1
IF (12=N) 44,46446
A(K1)=MSD

MSD=15

DO 47 I=1,4N
K=lx{I+1)/2

=K+l

4T

B{K)=A(L)

 BINX2)=MSD
~‘NSD=MSDR

48

CONTINUE

" RETURN

END

FUNCTION LISD (XyYyN)
DOUBLE PRECISION X,Y4EPS,T
LISD=0

IF (DABS(Y)-DABS(X)) 1,242
T=X

IF (T) 3,7,3

2 T=Y

w

~N oWy

IF (T) 3,+7,3
EPS=DLOG10(DABS(T))
IX=EPS

IF (EPS) 4,46,6

IF (EPS—1IX) 5,46,6
IX=IX-1

IF (Y=X) 8+7,8
LISD=N
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GO TO 12
T=DLOG10(DABS(Y-X))
IT=7

IF (T) 9,11,11

IF (T-1IT) 10,11,11
IT=17-1
LISO=IX~-1T-1
LISD=MAX(LISD,0})
CONTINUE

RETURN

END

SUBROUTINE DINV (CsA¢NX,IERsDET4+NSD)
DIMENSION C(10,410)y A(10,410)s S(10,10)

DOUBLE PRECISION CoeAsSeToPIV,TOLB¢DET¢XN,T2,EPS

EPS=1,0D-15
DET=1.0D0

IER=NX
PIV=DABS(A(1l,1))

DO 3 K=14NX

DO 3 I=1,NX
SUIsK)I=A(IK)
ClI,K)=0.0D0

IF (PIV~DABS{A(I,K)}) 1,1,2
PIV=DABS(A(I,K))
TOL=EPS*P1IV

CONT INUE

CONT INUE

D0 4 I=1,NX
C(I,I)=1.000

DO 21 L=1,NX
PIV=DABS(A(L,L))

DO 7 I=LNX

IF (PIV-DABS(A(I+L))) 5,546
PIV=DABS(A(I,L))
IP=1

CONTINUE’

CONT INUE

IF (PIV) 11,10,8

IF (PIV-TOL) 9,12,12
1ER=1ER-1

GO To 12

IER=-1

GO TO 22

CALL DUMP (40000,120000,0)
CONTINUE .
PIV=A(IP,L)

~DET=DET*P]V

200 13._J=14NX

13

14

CUIP,JY¥=C(IP,J)/PLV
ALIPJ)=A(IP,J)/PIV
A{IP,L)=1.00

DO 16 I=1,4NX

8=A(I,L)

IF (I-IP) 14,416,14

DO 15 J=1,NX
ClIvd)=CIJ)-B%C(IP,yJ)
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AlT+J)=A(14d)=B%A(IP )
A(1+L)=0.0D0

CONT INUE

DO 17 J=19NX
T=Ct1IP,J)
ClIP,JI=C(LyJ)
ClLod)=T

T=A(1IPJ)
Al(IPJ)=A{L,yJ)
AlLyJ)=T T
IF (IP-L) 18,19,18
XN=-1.,0D0 :
GO 70 20

XN=1,0D0

DET=DET*XN

CONTINUE

CONTINUE

IF {1ER) 23,24,24
DET=0.0D0

.NSD=0

RETURN
NSD=15
DO 30 I=1,NX

D030 K=1yNX

T7=0.0D0

"T2=0

A(I1,K)=0.0D0

DO 27 J=14NX

IF {(CUI,J)%S5(JsK)) 25,26,426
T2=T2-Cl1+J)*S(JyK)

GO TD 27
ALTsK)I=A(T4KI+C(14J)*S{JeK)
CONTINUE

IF (I-K) 29428429

T7=1.000

T2=T2+7 g
NSD=MIN(NSD,LISD(A{I,K},T2,15})
CONT INUE

RETURN

END

SUBROUTINE WORK (CyAyNXsIER,DET)
DIMENSION C(10), A(10,10)
DOUBLE PRECISION CyAsT,PIV,TOLyByDET, XN,EPS
DET=1.0D0

EPS=1.0D-15

TER=NX

PIV=DABS(A(l+1))

DO 3 K=1,4NX

DO 3 I=1,NX

IF (PIV-DABS{A(I+K)}) 141,42
PIV=DABS(A(IK))

TOL=EPS*PIV

CONTINUE

CONT INUE

DO 20 L=1,NX

PIV=DABS{A(L,L))
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DO 6 I=LyNX

IF (PIV~-DABS(A(I+L))) 4,4,5
PIV=DABS(A(I, L))
IP=1

CONTINUE

CONT INUE

IF (PIV) 1049,7

IF {(PIV~-TOL) 8,11,11
IER=IER~-1

GO TO 11

IER=-1

GO TO 21

CALL OUMP {(40000,120000,0)
CONTINUE
PIV=ALIP,L)
DET=DET*PIV

DO 12 J=LyNX
A(IP,J)=A(IP,J)/PLV
ClLIP)Y=C(IP)/PIV:
A(IP,L)=1.D0

DO 15 I=1,NX
B=A(1,.,L)

IF (I-IP) 13,15,13
D0 14 J=LyNX
A(I3J)=A(14J)-B*A(IP,J)}
A(I,L)=0,0D0
ClI}=C(I)~B*C(IP)
CONT INUE

IF (IP=L) 16,18,16
XN=-1,000

DO 17 J=1,NX
T=A(IPJ)
AlIPyJ)=ALL,J)
AlLyJd)=T

T=C(IP)

ctIrP)=Cc(L)

ciL)=T

GO TO 19

XN=}.0D0 -
DET=DET*XN

CONTINUE

CONT INUE -

IF {(IER) 22,23,23
DET=0,0D0

CONTINUE"

RETURN

END- Bt

FUNCTION MIN(M,N)

IF(M=N) 2,241
MIN=N

RETURN

MIN=M

RETURN

ENO
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FUNCTION MAX{MsN)
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MAX -

MAX
MAX

. MAX
. MAX.
L MAX
LU MAX
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